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I. INTRODUCTION 
A. The General Problem 
In recent years, stocks of wheat and corn have accumu­
lated to a level far above conceivable emergency requirements. 
Stocks of wheat and corn were 909 and 1,419 million bushels, 
respectively, in 1957; in contrast the average stocks for the 
period 1927-57 were 379 million bushels for wheat and 459 
million bushels for corn (Table l) . Since .1954, due to acre­
age controls on wheat and corn, stocks of oats, barley and 
grain sorghums also have increased (118, Tables 8, 9, 10). 
By March 31, 1958, the Commodity Credit Corporation held in­
ventories of wheat, corn, oats, barley and grain sorghums 
were 716, 1,077, 13, 29, 75 million bushels, respectively. 
The above data are not perfect measures of grain sur­
pluses. However, they do suggest the magnitude of the surplus 
problem. Hence an apparent problem facing those responsible 
for government farm programs is: How can surplus grain stocks 
be reduced while production is insured at a level consistent 
with consumer desires and acceptable farm prices (26, p. 24). 
Grain surpluses are an important concern of farmers since 
a large part of their income is derived from the production of 
wheat and feed grains.* In 1955, their combined farm value 
*Corn, oats, barley and grain'sorghums. 
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Table 1. Stocks, production and disappearance of wheat and 
corn, United States, 1927-57®-
beginning Stocks 
July or Wheat Corn Production0 Disappearance 
October (July 1) (October l) Wheat Corn Wheat Corn 
(Bushels, in millions) 
1927 109 217 875 2,616 871 2,742 
1928 115 94 914 2,665 800 2,615 
1929 227 147 824 2,516 760 2,524 
1950 291 139 887 2,080 866 2,052 
1931 515 168 942 2,576 879 2,474 
1952 575 270 756 2,930 753 2,814 
1933 378 387 552 2,398 657 2,447 
1954 272 558 526 1,448 667 1,759 
1955 146 65 628 2,299 668 2,209 
1956 140 176 630 1,506 702 1,720 
1957 85° 66 874 2,645 804 2,349 
1958 • 155 561 920 2,549 823 2,327 
1959 250 584 741 2,581 711 2,478 
1940 280 688 815 2,547 713 2,501 
1941 385 645 942 2,654 699 2,806 
1942 651 491 969 3,069 982 3,196 
1945 619 584 844 2,966 1,283 3,122 
1944 317 231 1,060 3,088 1,140 3,010 
1945 279 315 1,107 2,869 1,289 3,015 
1946 100 172 1,152 3,217 1,168 3,106 
1947 84 283 1,559 2,355 1,247 2,515 
1948 196 123 1,295 3,605 1,185 2,916 
1949 507 815 1,098 3,238 983 3,207 
1950 425 845 1,019 5,074 1,056 5,180 
1951 400 740 988 2,925 1,163 3,179 
aSource: Grain and Feed Statistics (118, Tables 4, 12, 
54 and 58)• 
^Prior to 1957 some new wheat is included in wheat stocks. 
°The difference between production and disappearance is 
not equal to the increase in stocks due to the imports in­
cluded in stocks. 
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Table 1. (Continued) 
Year 
beginning Stocks 
July or Wheat Corn Production0 Disappearance 
October (July 1) (October 1) Wheat Corn Wheat Corn 
1952 256 487 1,306 3,291 978 3,010 
1953 605 769 1,173 3,209 850 3,060 
1954 934 920 984 3,058 885 2,944 
1955 1,036 1,035 935 3,230 947 3,100 
1956 1,033 1,165 1,004 3,455 1,137 3,202 
1957 909 1,419 947 3,403 — — 
Average 379 469 
was approximately 42 percent of the total value of the 79 
principal farm crops (110, 1954). Hence, if an attempt were 
made to dispose of grain surpluses on the open market in a 
normal year, farm income would be drastically cut. 
Consumers, too, have a prime interest in grain surpluses. 
Through federal price support programs they are both fostering 
and paying the cost of grain surpluses. Not only are con­
sumers paying through taxes the cost of excessive stocks held 
by the Commodity Credit Corporation, but they are also paying 
prices higher than necessary for the quantity of grain prod­
ucts consumed. 
Grain surpluses represent an economic problem that has 
nation wide scope. Though grain production is concentreted 
in certain regions of the United States (i .js., Corn Belt, 
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Plains States and Pacific Northwest), significant quantities 
of wheat are grown in 40 of the 48 states; and s.t least one 
of the feed grains is grown in all 48 states (10, 1956). 
Furthermore, even though the production of these grains is 
widely dispersed, large quantities of these commodities are 
shipped long distances to meet area demands in the continental 
United States (50, pp. 17-27). Obviously, then, any realistic 
analysis of the grain surplus problem in terms of economic 
efficiency criteria (40, Chapters 22 and 24) must have a 
regional or spacial setting. To explain: Various regions 
in the United States are known to have differential advantages 
in grain production (i.e.., soil, topography, climate, bio­
logical and site) • Hence, it is unlikely that economic effi­
ciency criteria would dictate that each "distinct" grain 
producing region should make the same proportional adjustment 
to bring production into balance with demand. Certainly, we 
would speculate that some regions should contract production 
relatively more than others - contract to the extent they 
would even go out of production. Too, in the interest of 
economic efficiency, it is conceivable that some regions 
should be expanding production even though surpluses exist. 
Any realistic analysis of regional economic interrela­
tionship is extremely complex. Weber, von Thunen and Losch 
are some of the early theorists who were concerned with for­
mulating a general theory of a regional or spacially oriented 
5 
economy (51). Until recently, although the theoretical 
foundations for a regional or spacial analysis had been well 
formulated, an operational empirical model had not been devel­
oped. But with the development of mathematical programming 
and the analytical contributions of Samuelson (89), Baumol 
(3) and others, manageable models have been outlined that 
enable the economist to make some empirical "travels into the 
jungle" of location and space analysis. 
B. Empirical Regional Analysis 
Fox, Judge, and Henderson (56, 43, 58) have shown how 
simplified models of a regionalized economy can be used in 
empirical investigation. The Fox and Judge models are based 
on statistical supply and demand functions and constant per 
unit transport cost. However, Henderson's model is based on 
constant cost supply functions, derived from average per unit 
cost of the firms. Fox, analyzing the livestock-feed economy, 
conceived this industry to be made up of 10 specially separate 
but interdependent regions. For these 10 regions, he assumed 
that quantities of feed and number of livestock were pre­
determined (exogenous) variables while those to be determined 
(endogenous) were: (a) the equilibrium price of feed in each 
market (region), (b) the aggregate feed trade and (c) the 
volume and direction of trade between each possible pair of 
6 
regions. In a subsequent study in collaboration with Taeuber, 
Fox used a model in which the numbers, prices and flows of 
livestock, as well as the prices and flows of feed, were 
dependent variables. 
For his study of the egg industry, similar to Fox's, 
Judge delineated 12. spacially separated but interdependent 
regions. With the supplies of eggs, population and per cap­
ita disposable income as the predetermined variables in each 
region, the equilibrium flows and prices of eggs were deter­
mined for each region. 
Henderson formulated a short-run regional model for the 
coal industry. For this model, the United States was par­
titioned into 14 spacially separated and contiguous consump­
tion regions. In 11 of these regions, the extraction of coal 
takes place. By making certain assumptions for the nature of 
the coal industry and using historical data, Henderson derived 
a short-run optimum (minimum cost) solution for the industry 
by the "transportation" method of linear programming. The 
solution consisted of: (a) the flows between the regional 
deposits and the consuming regions, (b) the regional deliver­
ed prices of coal and (c) the per unit royalties accruing to 
each deposit. Henderson, also, shows that with certain neces­
sary assumption, the optimum solution derived by linear 
programming completely describes the short-run equilibrium 
situation in a purely competitive economy. " 
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Aside from the partialness of a one-product analysis, 
the Fox, Judge, and Henderson models are a deviation from the 
classical point economy models in that more than one point is 
the spatial setting of the economy. Although the considera­
tion of a dozen or more points is a movement in the direction 
of a completely general spacial economy, a completely general 
model is usually achieved only when an infinite number of 
points or individual firms and their markets are taken as 
representative of the true spacial setting. In the latter 
framework, Beckman (4) developed a model for analyzing the 
efficiency problem for transportation activities associated 
with a continuous geographic distribution of production. 
However, as pointed out by Beckman, except in the simplest 
case, an empirical analysis of this type of problem becomes 
unmanageable. 
The foregoing studies point out this: Even with the aid 
of new empirical techniques and electronic computers, a high 
degree of aggregation is presently necessary to design a man­
ageable spacial equilibrium model• However, in spite of the 
necessary aggregation, location and space analysis can pro­
vide rough insights into the "workings" of an economy, as 
well as provide crude norms for comparisons with the economy 
of the real world. 
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C. The Specific Problem 
Given a societal goal of optimum resource use, the 
present surpluses of wheat and corn Indicate that this goal 
is not being achieved in these industries. These grain sur­
pluses have been rapidly increasing in the past six or seven 
years (see Table 1); and even in spite of acreage controls 
and the soil bank program since 1954. Too, as noted before, 
due to the contraction of wheat and corn, and to some extent 
cotton acreages, the stocks of oats, barley and grain sorghums 
have also been increasing (118). Thus, the problem of wheat 
and feed grain surpluses cannot be dealt with independently; 
but must be analyzed simultaneously. As resources are taken 
out of corn or wheat production at least some of these re­
sources are diverted to production of barley, oats or grain 
sorghums. With the aid of improved technology and farmer 
knowledge, agriculture has been producing quantities of wheat 
and corn that cannot be absorbed in the market at prices 
acceptable to farmers. This is true even though national 
population has been increasing and the farm labor force de­
clining. Farm resource adjustments, though considerable, have 
not kept pace with the changing economy in the past. Further­
more.. it is not certain that adjustments will be rapid enough 
in the future to provide farmers with "acceptable" prices. 
Therefore, with an expected downward pressure on grain prices 
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for some time to come, some type of farm program directed 
toward grain surpluses is envisioned for the future. However, 
the short-run "stop-gap" programs of the past and present are 
not designed to encourage efficient resource adjustments in 
the long-run or even in the short-run. What is needed is a 
realistic long-run program. This program should be based on 
sound economic principles that are relevant for the total 
economy. In terms of efficiency criteria, it is not suffi­
cient to have resources optimally allocated only within indi­
vidual farms* but, resource allocation must also be optimum 
between farms within regions, between regions, and between 
agriculture and other industries; within time periods and be­
tween time periods. 
Though each investigator of economic problems would like 
to analyze the firm, industry, space and time problems simul­
taneously, research funds, technical problems and time make 
such analysis unfeasible. Therefore, some decision must be 
made as to the particular segment of the problem that will be 
studied. In selecting the segment of the problem to be in­
vestigated consideration needs to be given to: (a) the size 
of the budget, (b) the amount of time involved and (c) the 
expected value of the information to be obtained. Of course, 
each of the latter two items cannot be predicted with much 
accuracy; but, each should be taken into account if research 
funds are to be efficiently used. 
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On the basis of the above criteria it was decided to 
direct this study toward the problem of optimum regional re­
source allocation in the wheat and feed, grains industries. 
Reasons for this decision are these: (a) grain surpluses 
represent a problem to society that is both current and ex­
pected in the future and (b) the efficiency of resource use 
at the regional level has not been ascertained for wheat and 
feed grains and this knowledge is of considerable importance 
in specifying a long-run and more realistic solution for the 
grain surplus problem. 
One hundred four 11 major" grain producing regions in the 
United States were delineated for the study. 
D. Objectives of the Study 
The general objective of this study is to describe and 
analyze the regional resource efficiency in the wheat and feed 
grains industries; and, thus, provide a foundation for a 
long-run more permanent solution to the grain surplus problem. 
The specific major objectives of this study are: 
(1) To formulate models of increasing realism for analyz­
ing regional resource efficiency in the production 
of wheat and feed grains. 
(2) To obtain empirical solutions to the analytical 
models that will indicate inefficiencies in regional 
resource use; thus, furnish a foundation for: 
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(a) a solution to the grain surplus problem, (b) 
more realistic long-run agricultural programs and 
(c) specifying optimum spacial production and land 
use patterns for wheat and feed grains. 
Other objectives are: 
(1) To investigate some of the aspects of factor and 
product pricing inherent in partial aggregative 
analysis. 
(2) To compare past regional production trends with the 
empirical results of this study for the purpose of 
indicating the magnitude of the grain production 
adjustment problem. 
(3) To analyze weaknesses of the basic assumptions in 
the analysis and suggest means for improving future 
analyses. 
(4) To describe the problems encountered in collecting 
and processing data for this study, and to suggest 
methods for improving the required data. 
(5) To suggest future studies that appear to be more 
adequate for analyzing regional resource efficiency 
problems. 
E. The General Analytical Method 
The analytical method used for this study is similar to 
that employed by Henderson for his regional analysis of the 
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coal industry. For this method, regional constant cost supply 
functions are derived from average physical input-output 
coefficients and factor prices. Also, demand is exogenous, 
i.*e_., a known constant. Since the Henderson model dealt with 
one "homogeneous" independent product, the spacial equilib­
rium solution could be determined by the "transportation 
model" method of linear programming. However, a "transporta­
tion model" method was not possible for this study since wheat 
and feed grains are not homogeneous independent products. 
Wheat is an important substitute for feed grains in livestock 
production. Also, wheat and feed grains compete in some 
degree for the same productive resources. Except for special 
cases of complementarity, more wheat acres require that fewer 
acres of corn can be produced, ceteris paribus, and converse­
ly. The same is true for the other feed grains. 
By the simplex method of linear programming, the method 
used for this study, it is possible to determine the spacial 
equilibrium solution for two or more products.* The necessary 
assumptions of the method are well known. These are: (a) at 
least one resource is limited, (b) there are a finite number 
of production processes, (c) divisibility of inputs and out­
puts for any positive level, and (d) constant input-output 
coefficients. 
*This statement will be explained in Chapter II. 
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In the following chapter, economic models are developed 
and related to the objectives of this investigation. Also, 
the assumptions of the analysis sre specifically stated. 
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II. ECONOMIC MODELS 
A. Basic Assumptions 
In order to reduce the analysis of the wheat and feed 
grains industries to a manageable size, certain simplifying 
assumptions are necessary. Though these assumptions may not 
describe accurately the actual within-region economic struc­
ture, they permit the use of analytical models sufficiently 
comprehensive and detailed to be consistent with the general 
objectives of this study. Follow-up studies are planned that 
will give more attention to intra-region differences. 
The basic assumptions for the structure of the grain 
industries are: 
(1) There are n unique, spacially separated but inter­
dependent production regions with many producers of 
wheat and feed grains. 
(2) All producers in a specific production region have 
only the choice of producing the same (homogeneous) 
products or product mixes and there are no quality 
differences between regions. 
(3) All producers in a specific production region have 
identical input-output coefficients, and use the 
same production techniques. 
(4) Input-output coefficients are constant within the 
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relevant range, i.e., constant returns to scale 
exist. 
(5) Total production is limited only by fixed quantities 
of land suitable for grain production. 
(6) An acre of land in feed grain (or wheat) production 
can be substituted for an acre of land for wheat 
(or feed grain) production at a constant rate. 
(7) The economic objective of each producer is profit 
maximization. 
(8) The system is static in that consumption must be 
met from current production, the production period 
is the crop year, and factor prices are averages 
for this crop year. 
(9) Total consumption is exogenous, determined by annual 
per unit requirements of the human and livestock 
populations at a point in time. 
B. The General Economic Model 
The above assumptions characterize the wheat and feed 
grains economy as a unique pure competitive economic system. 
The system is unique in that (a) the equilibrium supplies 
can be represented by discontinuous "step" functions and the 
demands can be represented by constants. These supply and 
demand functions are similar in nature to those shown in 
Figure 1, A and B. 
Figure 1. Equilibrium in a spacial two-product 
economy with constant input-output 









When a minimum total production cost solution is obtained 
for this wheat and feed grains economy by the simplex method 
of linear programming, the solution produces the following 
economic information: (a) A set of production activities for 
which the total production cost is less than that for any other 
possible set of activities in the system. Furthermore, this 
optimum set of activities is the same set of activities that 
would be employed when the economy is in competitive equi­
librium. (b) A set of optimum prices that is equivalent to 
competitive product prices and land rents (43, pp. 344-345). 
Thus, two problems are solved simultaneously by the 
simplex method; the production problem and the price problem. 
If the production problem and the price problem are written 
in matrix notation, the relationship can be seen quite 
easily:* The objective of the production problem is to find 
a set of x^'s such that the function 
f(c) = cx1 (2.1) 
is a minimum when x is subject to the restraints, 
Ax' < b' (2.2) 
x' > 0 ; (2.3) 
while the objective of the price problem is to find a set of 
*The price system solution is ordinarily known as the 
dual solution and is based on the duality theorem of linear 
programming. See Dorfman, et al., (29) for a simple proof 
of the duality theorem. Many other relationships" between 
economic analysis and linear programming can be found in this 
book. 
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p1 's such that the function 
f(p) = pb1 (2.4) 
is a maximum when p is subject to the restraints 
pA 5 c 
P <0 . 
(2.5) 
(2.6) 
The above symbols represent the following: 
In (2.1): c is an nk row vector in which the elements 
are the costs associated with nk grain producing activities 
(there are n regions and k grain activities per region) and 
x1 is an nk column vector in which the elements are the pro­
duction levels of the grain activities. 
In (2.2) : A is a matrix of the order (n+m) • (nk) . In 
each column of A there are two positive elements that are the 
input and output coefficients of each grain producing activity 
and zeros elsewhere. (A detailed description of the structure 
of the A matrix is presented subsequently.) b1 is an n+m 
column vector in which the elements are the maximum land 
acreages and demand levels (there are n land restraints and 
m demand levels). 
In (2.4): p is an (n+m) row vector in which the elements 
are the land rents and product prices (there are n land rents 
and m product prices). 
Since the optimum linear programming solution to the 
postulated grain economy has the above stated economic inter­
pretations, it is in order to briefly describe how equilibrium 
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production and prices would be attained in a perfectly com­
petitive economy of the assumed nature. This description 
will also serve to explain certain analyses presented in 
Chapter IV. 
In order to simplify the presentation of the equilibrium 
state, a two-product and single-market model will be assumed. 
Also to facilitate the description, the equilibrium state 
will first be presented in mathematical notation and then 
characterized graphically. 
Since homogeneous firms have been assumed within each 
region, each firm will react the same to each economic situa­
tion. Thus, it is only necessary for purposes of description 
to regard all firms in a region es a collection of plants oper­
ated by a single firm. 
The two-products (A and B), one-market equilibrium situ­
ation can be represented by the following set of equations: 
Regional supplies: 
For product A 
(i = 1, 2, 3, —, n) 
qia = YiaLi' for ^ ia^ %b> (2.7) 
0 <4ia R1V>; and (2.8) 
(2.9) 
For product B 
%b ~ -"-ib^ i > 0^1, ^ ib^  %a> (2.10) 
ana. 
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0 < qlb < YibLi> for = Ris; an<1 (2-11) 
= 0' ^ib ^^ia . (9.12) 
"la = -^ia^Pa ~ cia^ » (2.13) 
%b = yib(Pb ~ cib^ " (2«14) 
i <n 
Industry supplies: Q.g = ^ (2.15) 
i—1 
l-Çn 
Qb = ^2 qj_b • (2-16) 
i=l 
In equation (2.15) the cost ( Cj_a) of q^ is less then or 
equal to the cost of qi+]_ g- The same is true for qit in 
equation (2.16). 
Industry demands: Da = ksP; (2.17) 
D% = k%P . (2.18) 
The equilibrium conditions are specified by: 
0,2 = D%; (2.19) 
Qb = DQ . (2.20) 
The above symbols have the following meaning: 
Lj_ = acres of land in the i-th region; 
Yj_a = the per acre yield of A in the i-th region; 
Yj_b = the per acre yield of B in the i-th region; 
qi j, = the quantity of A supplied in the i-th region; 
qj_b = the quantity of B supplied in the i-th region; 
Rig = net returns for an acre used to produce A in the 
i-th region; 
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%b = ne^  returns for an acre used to produce B in the 
i-th region; 
pa = market price of A; 
Pb = market price of B; 
cia - cost of producing (may include transporting cost) 
one unit of A in the i-th region; 
cib = cost of producing (may include transporting cost) 
one unit of B in the i-th region; 
Qa = market equilibrium quantity of A; 
Qtd = market equilibrium quantity of B; 
Da = demand for product A; 
Dfc = demand for product B; 
ka = per capita consumption of A; 
k% = per capita consumption of B; 
P = population. 
In equations (2.7) through (2.20), the values of these 
variables are determined by the system: pa, pb, qla, q^, 
Rj_a, and • All other items are known constants. 
Figure 1, A and B, indicates the nature of the equi­
librium conditions specified in equations (2-7) through 
(2.20). In Figure 1-A, the horizontal segments of the dis­
continuous function ob represent the quantities of product 
A for each region that supplies A or these segments represent 
the qj_a in equations (2.7) and (2.8). It is seen in equa­
tions (2.7) and (2.8) that... in order for product A to be 
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supplied from a particular region, the production of product 
A must be more profitable than the production of product B, 
or at least as profitable. This latter condition is the 
special case of iso-revenue lines being parallel to the iso-
resource lines for two products (see 40, pp. 259-260). More 
will be said about this special case later. Similarly, the 
horizontal segments of the discontinuous function oe repre­
sent the quantities of B supplied by each region that supplies 
B. 
The equilibrium prices pa and p^ in equations (2.13) and 
(2.14) are represented by oa in Figure 1—& and od in Figure 
1-B, respectively. Also, the equilibrium quantities supplied, 
oc in Figure 1-A and ob in Figure 1-B, respectively, represent 
Qa and in equations (2.19) and (2.20); and the demand func­
tions (2.17) and (2.18) are represented by DVJD'W and DFD'F, 
respectively. 
The net returns per acre, Ria and in equations (2.13) 
and (2.14), are residual or imputed rents. For example, let 
the line segment c'c in Figure 1-A represent the per acre 
yield of product A in some region i. Then, if a rectangle 
is formed with line az and supply function oz1 by projecting 
parallel lines from points c1 and c, the area of the formed 
rectangle represents the rent accruing to an acre of land in 
region 1. Too, the highest cost region that supplies product 
B which is represented by the horizontal segment farthest from 
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the origin in function oe receives no rent. For this region, 
per bushel cost is equal to the price of B. 
For product A, the region represented by the horizontal 
segment that is farthest from the origin, the per bushel cost 
is not equal to price. This region is a special case and is 
related to equations (2.8) and (2.11). It is equally profit­
able to produce either products A or B in this region, given 
the equilibrium prices; but the equilibrium is stable for the 
quantity produced in this region, xx'. For example : Let 
the segment vv' (Figure 1-B) represent one-half of the quan­
tity of B that can be produced in some region r and the line 
segment xz (Figure 1-A) represent the total quantity of A 
that can be produced in this same region. Then, if all the 
land is used to produce B, the price of B will fall to od' 
and the price of A will rise to oa1. It will then become 
more profitable for farmers in region r to produce some of A 
again. As more of A is produced, less B can be produced; 
consequently, as more and more A is produced, the price of 
A will fall and the price of B will rise until the price of 
A equals oa and the price of B equals od. For these prices, 
the system is in equilibrium. 
It is always possible that in a system the various 
regional production cost relationships will be such that the 
equilibrium prices of all products will be equal to the cost 
of production in the highest cost regions producing each 
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product. For example : Referring to Figure 1-A again, if the 
per bushel cost in region r (represented by xz) had been oa 
instead of cb, then the price of A -would have been equal to 
the cost of producing A in region r. The final prices, how­
ever, depend upon the complex of costs and product substitu­
tion rates in the system. 
C. Factor Prices in Partial Aggregative Analysis 
The use of observed (historical) factor prices for the 
type of problem investigated in this study may place certain 
limitations on the analysis. An attempt is made to point 
out and analyze this limitation in the following discussion. 
For a programming model that includes all of the relevant 
productive activities and the absolute level of resources 
available, it would not be necessary to weight each of the 
inputs by its respective price. If this were the case, each 
of the resources would be a restraint in the model, and only 
physical inputs and outputs would need to be estimated. The 
objective would be the maximization of total value of the out­
puts. Each productive activity would compete for the limited 
resources in this model and their relative values would be 
obtained as the dual of the production problem. 
Also, if the activities used in the programming model 
constitute the total demand for a particular resource (i.e., 
there is no alternative use for the factor), then the price 
of the resource can be considered as endogenous in the model. 
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Thus, the price of the resource is again determined within the 
model and is given by the dual solution. However, usually in 
a partial analysis, each activity in the model must compete 
for at least some of its inputs with excluded activities. 
Therefore, the prices used to weight the inputs used in a 
partial analysis should be such that resources required by 
the solution would be supplied. 
When a resource used in the programming model is a small 
part of the total resource available, the price existing at 
a point in time probably will reflect quite accurately the 
price that would have to be paid for this resource by each 
productive activity in the model. But when the resources 
used by the model activities are a substantial part (but not 
all) of the total resource supplies, observed prices may be 
an imperfect measure of the resource prices dictated by the 
model solution. This is the case when the quantity of re­
source used in the programming solution is less than that 
which generated the observed price. A simple example can be 
used to illustrate this point. Suppose that there are 100 
types of activities (i.e., wheat, corn, hogs, etc.) using a 
productive service in a particular region, say land. Their 
individual demand functions are given by: 
pi = 1000a™2 
where pi represents price and qj_ represents quantity. Hence, 
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the total demand function for all the users is 
Q, = JT /^8^- or P = 1Û02 1000Q"2 
i=lV pi 
Also, suppose that the supply of this factor is 
q = 1000 . 
Therefore, the equilibrium price is 
P = lollf = 10 . 
10° 
The price 10, then, is the value observed in the market. 
Wow, let us assume that one type of activity is no longer 
produced, hence the new total demand function is 
P = 992 103 Q~2 
and the new equilibrium price is 
P = 9801 105 , 9.8 _ 
10 
which is very near the observed price. But, suppose that 
only two types of activities (wheat and cotton, for example) 
use the productive resource, total demand functions are equal 
for each type and the industry demand function is the same as 
above: 
P = 1002 103 QT2 . 
Then, if wheat is no longer produced, the demand function is 
P = 502 105 Q,™2 
and, if supply is unchanged, then the price is 
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P , gsoo 105 - 2.5 . 
10® 
Therefore, if the last example is descriptive of the 
actual situation, the use of the observed price, 10, would 
produce misleading results when used in a partial aggregative 
analysis. This is true because at some price below 10 wheat 
production may become competitive in the region. Or, in 
terms of the model of this study, some wheat should be pro­
duced (by the least-cost criterion) at a lower level than pre­
viously, but above the zero level. 
The above analysis is more pertinent for factors such 
as land or immobile labor. If, on the other hand, the supply 
elasticity of a factor is not zero, but conversely, very 
elastic, a sizeable decrease in demand will have a very small 
effect on price. (This statement can be verified by con­
structing a graph of classical supply and demand curves or 
a simple algebraic example similar to the one above,) Thus, 
if the supply of a factor is highly elastic the use of ob­
served prices will not provide a serious limitation to partial 
aggregative analysis. 
D. The Specific Models 
The following four analytical models were formulated as 
steps in attaining the objectives of this study. The changes 
made from model to model are attempts to add more realism to 
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the analysis or to investigate some particular facet of the 
grain problem. It is recognized that these models do not 
represent exactly the wheat and feed grains economy ; but time 
and funds were limited. However, as noted previously, follow-
up studies are in process that are more comprehensive and 
realistic. Thus, the following models are, in part, explora­
tory in nature as stated in Chapter I. 
1. Model la 
Three types of production activities are considered in 
Model la for each of the 104 grain producing regions. These 
are: wheat for food, wheat for feed, and a feed grains rota­
tion acre. There are two types of demand, one for wheat and 
a weighted demand for feed grains. One central market is 
assumed for these grains and transport costs from the produc­
tion regions to the market are zero. The price of land in 
each region is an endogenous variable. 
Model la is symbolized below in the simplex tableau with 
the identity matrix omitted. This matrix will serve to show: 
(a) the basic concepts used in deriving activity input-output 
coefficients and costs, and resource restraints; and (b) how 
the simplex method was used to obtain a minimum cost solution. 
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°3 ' Cll~ °12 -°13 ~C21" ^22- 2^3 " '* "Cn-2,1 ™Cn-l,2 "Cn3 
*0 A11 A12 A13 A21 A22 A23 '• An-2,1 An-1,2 An3 
L1 1 1 1 0 0 0 . . 0 0 0 
L2 0 0 0 1 1 1 . . 0 0 0 
L3 0 0 0 0 0 0 . . 0 0 0 
Ln 0 0 0 0 0 0 .. 1 1 1 
-M. Dl = X11 0 0 X21 0 0 •• Xn-2,1 0 0 
-M Dg = 0 X12 X13 0 *22 X23 * ' . . 0 Xn-1,2 Xn3 
(2.21) 
L, = 2. + JE Fi? i = (1, 2, 3, ... 104); (2,22) 
rr— "Ï  ~D """O 
where A^j are the activity identifications; 
5 5 
E M, g * Z g=l "8 g=l 
and 
= acreage restraint in each region; 
PAj_g = planted acreage of g-th grain in i-th region; 
Fig = acreage of g-th grain planted on summer fallow in 
the i-th region; 
g = 1 = wheat; 
g = 2 = c orn ; 
g = 3 = oats; 
g = 4 = barley; and 
g = 5 = grain sorghums 
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 ^' HU I'O '11 (2'23) 
Xl2 = iMAl 
Xl3 = â Pl= C: hi Ke (2l25) 
et P l s  '  1  
where 
Xii = estimated 1954 normal* per acre yield of wheat in 
in i-th region; 
= estimated 1954 normal per acre yield of wheat in 
corn-equivalent bushels in i-th region; • 
= estimated 1954 weighted normal per acre yield of 
feed grains in i-th region; 
P. = 1945-54 total production of the g-th crop in 
i-th region; 
T. = 1949-54 trend adjustment factor for g-th crop in 
i-th region; 
Hig = 1945-54 harvested acreage of g-th crop in i-th 
region; 
Aig = estimated 1945-54 abandoned acreage (acreage seeded 
for grain minus harvested acreage) of g-th crop 
'
:;
"The word normal as used here is defined in Section 
III A. 
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in i-th region; 
F, = estimated 1954 acreage of g-th crop in i-th region Ig 
planted on fallowed land multiplied by the 
factor 10; 
Kg = corn-equivalent bushel conversion factor of g-th 
grain; and 
Pig = proportion g-th crop acreage is of total corn, 
oats, barley and grain sorghums acreage, 1953. 
°« = £ A % 8 = 1 (2-z6) 
5 3 4 
0,3 = Z Z JE" PiMg i  = (1,  2, 3 . . .  n) (2.27) 
g=2 k=l É1 S 8 
™ere à à %=â â â ^  ws - # 
( j = 1, 2) = estimated cost of producing composite 
wheat acre for food or feed in the i-th region, 
1954 (Oil  = Cig);  
0^2 = estimated cost of producing a composite feed grain 
acre in the i-th region, 1954; 
cig = estimated per acre cost of the 1-th crop acre 
component by the k-th production technique for 
the g-th crop in i-th region; 
1 vi 
Pj_g = estimated proportion of per acre production cost 
of g-th crop due to the k-th technique on the 
1-th crop acre component in the i-th region; 
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kï Pic? = estimated proportion of per acre feed grain 
production cost due to the g-th grain, k-th 
technique on the i-th crop acre component, in 
the i-th region : 
where 
g's are the same as above; 
k = (l, 2, 3) = production techniques; where 
1 = mechanical production; 
2 = semi-mechanical production; and 
3 = non-mechanical production. 
± = (I, 2, 3, 4) = crop acre components, where 
1 = planted and harvested acre, not irrigated; 
2 = planted, but not harvested acre (abandoned); 
3 = planted and harvested acre, irrigated; and 
4 = cultivated summer fallow acre: 
also, 
°ig • 41 * 41 * 41 * 41 (2 -88)  
where 
w = estimated per acre labor cost; 
m = estimated per acre power and machinery cost ; 
d = estimated per acre chemical cost ; and 
e = estimated per acre miscellaneous cost. 
These w, m, d, and e are fully defined in the following 
chapter. 
34 
Dj and DP in matrix (2.21) are the demand restraints for 
wheat and feed grains which are estimated by human and live­
stock populations and historic consumption rates. The -M1 s 
in matrix (2.21) are values defined to be so large that they 
dominate everything else in the matrix. These values are 
necessary in the simplex tableau to insure that the demand 
vectors will not be in the solution basis, i.e., the require­
ments of wheat and feed grains will be satisfied by the final 
feasible solution (23, pp. 16-17). 
Note that in equation (2.28) no charge for land is in­
cluded in the production cost. Thus, it is implied that 
land has no alternative use.. The purpose of this cost con­
struction was to estimate the value of land in various regions 
when it is used for grain production, given the assumptions 
of the model. Hence, some rough measure of the competitive 
position of grains in various areas can be obtained. 
2. Model lb 
Since in many areas grain production must compete with 
other types of enterprises for the services of land, another 
model was formulated that included an annual land rent. 
Thus, the solution to this model specifies the optimum pro­
duction location if the estimated land costs are relevant. 
Hence, Models la and lb are directed toward the factor pric­
ing problem associated with fixed factors. 
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For Model lb, the structure of the simplex tableau is 
the same as for Model la; only the values of the c^'s are 
changed. Thus, equation (2.28) becomes : 
cig = + w + m + d + e)^j (2.29) 
where 
a = estimated annual per acre rent for land. All other 
symbols have the same meaning as before. 
3. Model II 
Recently some agronomists have been investigating the 
problem of establishing a meadow crop without using a nurse 
crop such as oats. The feed value produced from an acre of 
oats is much less than the feed value produced on an acre of 
corn in most areas of the United States. Hence, if oats 
could be eliminated from a rotation without reducing yields 
and no increase in the production cost of the other crops, 
the cost per feed grain unit would be greatly reduced. 
In essence, the elimination of oats from a rotation 
means that the length of the rotation is shortened by one 
year. For example, a corn-corn-oats-meadow-meadow rotation 
would become corn-corn-meadow-meadow. Two of the present 
possibilities for establishing the latter rotation are: 
(a) wide seeding of corn rows in the second year with a 
meadow crop seeded between the corn rows, and (b) seeding 
meadow in the spring after corn then controlling weeds by 
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chemicals and/or clipping. 
The adoption of corn rotations without a small grain 
could have a great impact on the grain economy and perhaps 
increase the surplus problem; especially if average corn 
yields were not reduced. Model II was designed primarily to 
investigate how such a change in production technique might 
affect the quantity, kinds and production location of grain. 
Hence, Model II is directed toward predicting future grain 
production patterns. 
If a small grain is not necessary for the production of 
corn in a rotation, each of the five grains considered in this 
study can be treated as an "independent" activity* in each 
region. Hence, for Model II there are six activities per 
region instead of three; these are wheat for food, wheat for 
feed, corn, oats, barley and grain sorghums. 
Cost and yield coefficients for wheat activities in Model 
II are the same as in Model la. Since corn, oats, barley and 
grain sorghums are now "independent'" activities, the following 
equations were used to compute the and C^j's for these 
^Implicit in the models described so far is that wheat 
land will be either continuously cropped, or grown in rota­
tion with cultivated summer fallow or any other crop, such as 
peas, flax and grasses if other crops are normally grown in 
rotation with wheat in specific areas. Other crops in rota­
tion with wheat are possible since other crop acreages are 
not part of the acreage restraints in each region. For the 




• C'  £ 
cv = Z t pftcg (e ' 2' 3' 5) (8.31) 
" fel 1=1 ^ 18 (j , g> 1) 
where the notation has the same meaning as in equations 
(2.25) and (2.27) and 
i  â •« - > • 
4. Model III 
In the three preceding models it has been assumed that : 
(a) production regions, though specially separated, are inter­
dependent in a central market for the product, but (b) trans­
port costs are zero. A step toward greater realism in the 
problem would be the consideration of both transport cost 
and many markets in the model. Thus, we have a multiple 
point economy, both for production and distribution. How­
ever, a linear programming solution to a combination produc­
tion and transportation problem with more than 30 production 
and market regions is impossible or the cost is prohibitive 
with present digital computers. Not only that, the problem 
of obtaining transport costs between points is extremely 
difficult. Since the freight rate components of transport 
cost are available for wheat and feed grains moving by cur­
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rently used routes, one way to handle this problem is to 
assume that transport costs other than freight (loading, un­
loading, commissions, etc.) are constant between regions. 
Though this is probably not the case, some conclusions as to 
the results of a changing freight rate structure could be 
obtained. 
If total transport costs between regions could be ascer­
tained, the minimum total cost solution (simplex method) with 
fixed demand is equivalent to the commodity flow pattern that 
is expected in a perfectly competitive economy. Furthermore, 
the regional prices obtained in the solution to the dual would 
be competitive prices. 
In an attempt to approach the economic realism of many 
markets, without the magnitude of the combination production-
transportation problem, Model III was formulated. The 
assumption of one market and zero transport cost is with­
drawn in Model III and replaced by these assumptions: (9) 
farm prices of wheat and feed grains at all points are equal 
to the prices at one central market minus transport costs 
and (b) the differences between historic prices for differ­
ent locations are due solely to differences in transport 
costs. If these assumptions are true, then a net profit solu­
tion to Model III is equivalent to a minimum-cost solution to 
a combination production-transportation problem, providing 
the markets absorb the programmed quentities at the assumed 
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prices. This fact can be seen in the following: 
Let 
Xjj = a bushel of grain produced in region i and trans­
ported to demand region j; 
P = the price of grain in the central market ; 
Tj_j = the transport cost of a bushel of grain going from 
region i to region j; and 
Cjj = the cost of producing a bushel of grain in region 
i which is transported to region j and the 
G^j's are equal for a particular i. 
The the maximum of the following function 
f l ? )  =  f  P1-5  f  ^  X i j°ij  
subject to 
Ax1 ^ b' and x > 0 (matrix notation) 
can be converted to a minimum problem with same solution, 
e.£-, 
f(p) = ZZ Xi, p _ Z Z Xi,Ti, _ Z JE x,,c_ 
j i J j i 1J 1J j i 1J 
f(p) = Z Z x±1 p - ( Z Z x. .T, + Z Z x. .c..) 
j i J j i 1J 1J j i 1J 
f(P) - Z Z X . j P -  Z Z Xu(Tlj  +  Clj) 
but Z Z X. , = K (a constant); 
j i J 
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therefore, if f(P) is a maximum, X H X,, ( T. , + C. , ) is j J- J J J 
a minimum which is the solution to the production cost plus 
transport cost problem. This analysis can be extended to 
two or more products. 
The only difference between Model III and Model I is a 
change in the objective function, which for Model III is: 
maximize f (r) = xr1 (2.32) 
where r1 is a vector of net returns whose elements are 
rij = pij ~ ciî i and. the p^ ' s are equal to the prices re­
ceived by farmers multiplied by the activity grain outputs 
and c^j's are the activity costs of Model la. 
There is also a dual solution to the maximum net return 
problem. This dual solution can also be represented by 
equation (2.4) subject to restraints (2.5) and (2.6); but 
instead of maximizing equation (2.4), the dual solution is 
obtained by minimizing the value of this function. 
E. Limitations of the Models 
The basic assumptions outlined at the beginning of this 
chapter place limitations on the empirical results which are 
presented in Chapter IV. Each of these assumptions together 
with specific model assumptions limit the results by varying 
degrees as they deviated from the actual economic setting. 
Specifically: 
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Most conceivable production regions are quite arbitrary. 
Distinct boundaries do not exist for most workable delineation 
criteria-
Producers have the choice of using their productive fac­
tors for numerous crop and livestock enterprises. Farmers do 
substitute between enterprises with changes in relative 
prices. Recall that grain prices are to be determined within 
the assumed economic model; thus, changes in grain prices 
may cause the transfer of resources to other products. 
Producers do not have identical input-output coefficients. 
The quality of management is seldom alike. Land used for 
grain production not only varies between farms, but also 
within farms, even if farm operators have the tendency to 
use their better land for grain production. Classification 
of land within regions by productive capacity for grain and 
the use of several classes of land for regional land re­
straints would be more realistic. However, if several land 
classes were used, the size of the problem (matrix) would be 
greatly expanded. 
Furthermore, all farmers within a region do not use the 
same production technique. However, as will be seen in the 
following chapter, this assumption was made only to facil­
itate the measurement of production costs. In terms of the 
models, it is only necessary that unit costs are similar for 
farms within a region. 
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Too, the quality of all the grain produced in the United 
States is not the same. Some of the quality differences are 
necessary to fulfill specialized demand (e.g.., durum wheat 
and malting barley). Also, each of the five grains ere not 
perfect substitutes over all ranges in livestock feeding. 
However, with the fixed ratios assumed for feed grain pro­
duction in each region for Models la, lb and III, it is prob­
able that the national grain "mix" specified by the solu­
tions would permit the level of livestock production assumed. 
Constant returns to scale may not exist within farms 
and between farms within each region for the possible produc­
tion range (i.e., from zero production up to the output 
limit prescribed by the land restraint). 
Total production within each region is not limited by 
land alone. Production is also limited by the amount of 
capital that farmers control. Grain production can be in­
creased by higher proportions of other inputs such as fer­
tilizer. 
The assumption that wheat land can be used for the pro­
duction of feed grains and vice versa without yield changes 
may not be valid for some regions. However, in regions where 
wheat and feed grains are grown in rotation, estimated yields 
for each grain are due to the same land. 
The consumption of grain is not independent (exogenous) 
of prices. Consumers do vary their consumption with changes 
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in relative prices. However, due to degree of demand aggre­
gation and the time period of one year which was assumed, 
constant per capita consumption rates may give close approxi­
mation of demand restraints. 
Though these limitations do exist in varying degrees, 
the magnitude of the computations, if all identifiable vari­
ables are considered, exceeds any manageable size. Also, the 
quantitative measurement of known variables (i-e.., production 
functions, etc.) is impossible in many instances. Basic in­
put-output data are scarce. Therefore, investigations in the 
area of aggregative regional analysis can achieve only a mea­
ger amount of realism. 
However, as stated previously, one of the objectives of 
this study was to provide a stepping-stone for more refined 
future studies. Also, aggregative analyses, at best, are 
only expected to provide broad directives for resource ad­
justments. 
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III. BASIC DATA AND COEFFICIENT DERIVATION 
A general description of the methods used to obtain basic 
data and transform them into programming coefficients is given 
in this chapter. The model descriptions in the previous 
chapter give some indication of the size of the task and the 
number of problems encountered in assembling the required 
data. Hence, it is only possible to briefly describe the 
methods here. But, additional details are given in the 
appendices. Reference will be made to the relevant appendix 
as each section is discussed. 
Because a wealth of data had been assembled in the 1954 
Census of Agriculture and there are numerous publications 
summarizing and supplementing the Census, most basic data 
used in the analysis are for 1954. The one exception is the 
maximum grain acreages in each region, which are from 1953 
data. The influence of the acreage control program was a 
prime factor which caused the selection of 1953 for acreage 
estimates; more will be said about this later-
A- Delineation of Major Grain Producing Areas 
in the United States 
Even the delineation of meaningful grain producing 
regions (in terms of the objectives of this study) in the 
United States is a sizable job. Although at least one of the 
wheat and feed grains is produced in all 48 and most of the 
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counties within these states, in many locations grain produc­
tion is only a small part of the total agricultural produc­
tion and is an insignificant part of the total grain economy. 
In many of these areas of sparse grain production, grain is 
a complementary enterprise or has a special Ideational advan­
tage . Thus, grain would be produced in certain areas over a 
wide range of prices. Also, data is extremely scarce in areas 
of sparse grain production. For these reasons, only the 
"major" grain producing areas in the United States were used 
for analysis. 
Areas in which wheat and feed grain were harvested from 
25 percent or more of the total cropland, 1954, were defined 
as major grain producing areas. This demarcating percentage 
is somewhat arbitrary. However, the major grain producing 
areas thus defined represent 90 percent of the total wheat 
and feed grain acreages, 1955. Furthermore, in terms of 
national production, the percentages of wheat, corn, oats, 
barley, and grain sorghums produced in these major grain pro­
ducing areas are estimated to be 95.1, 9-3.4, 86.9, 72.7, and 
91.0, respectively, 1954 (see Table 5). Thus, the defined 
major grain producing areas represent the source of most of 
the wheat and feed grain produced in the United States and 
certainly represent areas that are most significant for the 
grain surpluses. 
One hundred four "homogenous11 grain regions were delin­
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eated for programming. The geographical outlines of these 
regions, together with their assigned numbers, are shown in 
Figure 2. Henceforth, they will be referred to as program­
ming regions, or simply regions. The designated numbers will 
be used to identify these regions in the following discussions 
when necessary. 
The programming regions are based primarily on state 
economic areas* (7). To demarcate programming regions that 
were relatively homogenous for grain production, and at the 
same time keep the computational work at a minimum, the fol­
lowing procedure was used to form these regions: First, four 
classes of economic areas were defined. These are as follows: 
(A) Areas with grain production uniformly distributed 
(i.e.*, the concentration of grain acreage within 
each county was approximately the same for all 
counties in the economic area). 
(a) Total harvested acreage of wheat and feed 
grains, 25 percent or more of total cropland. 
(b) Total harvested acreage of wheat and feed 
grains, less than 25 percent of the total 
cropland. 
(B) Areas with grain production not uniformly distributed. 
(a) Total harvested acreage of wheat and feed 
grains, 25 percent or more of total cropland. 
*State economic areas were used for these reasons : (a) 
the type of farming and land productivity is similar within 
these areas and (b) much of the data required for this study 
is summarized in the Census by state economic areas. 





(b) Total harvested acreage of wheat and feed grains, 
less then 25 percent of the total cropland. 
Then, by using dot maps showing the geographic distribu­
tions and concentrations of the harvested acres of wheat and 
feed grains, 1954, state economic areas were placed in either 
group (A) or (B). Group (A) was divided into classes (Aa) and 
(Ab) by computing the required percentages, (a) end. (b) above, 
from state economic area acreages, Census (105, Tables 1 and 
6). County acreages, Census (105, Tables 1 and 9) were used 
to divide Group (£) into classes (Ba) and (Bb). Thus, classes 
(Aa) and (Ab) are state economic areas and (Ba) end (Bb) are 
counties• 
Finally, Classes (Aa) and (Ab) were aggregated to form 
the 104 programming regions. These criteria were used to 
guide this aggregation: state economic areas and counties 
within each region must be the following: (a) contiguous; 
and (b) similar for grain yields, the proportion of the five 
grains grown, and the number of combines, corn pickers and 
tractors per 1000 acres of cropland. 
Many times, due to the above criteria, it was not pos­
sible to aggregate two or more state economic areas ; hence, 
some programming regions consist of but one state economic 
area. In other instances, it was only possible to aggregate 
one economic area and a group of counties• A few regions are 
made up of counties only. 
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The 104 programming regions shown in Figure 1 provided 
the basic units for making acreage, yield, and cost estimates ; 
however, many times the necessary data were not available for 
these regions. In these instances, state data were adjusted 
to compensate for within state differences by other related 
data, or state data were used without adjusting when a logical 
means of adjustment was not apparent. Specific details are 
presented in the following sections and the appendices. 
The concept of "normal" is basic to the methods used to 
estimate the maximum regional grain acreages and regional 
yields (see equations 2.22 through 2.25). The word normal is 
used here to mean expected or average. The objective for 
yields was an estimate of yields that would be expected with 
the quantity of inputs used for wheat and feed grain produc­
tion in 1954 on the average. Given the average yields, the 
objective for maximum regional acreage was to estimate the 
acreages that farmers could and would be expected to plant 
in the five grains in the absence of acreage controls. 
The general objective for making yield, acreage, and cost 
estimates was to obtain data that would reflect the relative 
competitive position of the regions in production of wheat 
and feed grains. 
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B. Regional Acreages 
Grain acreages for 1953 were used as estimates of the 
maximum regional acreages available for grain production. 
The reason was : 1955 is the year nearest the base year 1954 
not influenced by the acreage control program; hence, it was 
believed that acreage data for this year would be more con­
sistent with the above stated objective for acreage restraints 
than data for any of the other recent years. 
Acreages planted for grain and acreages of cultivated 
summer-fallow are the components of the regional acreage 
restraints (see equation 2.22). Acreages planted for grain 
are not easily ascertained in many regions. This difficulty 
is due to: (a) either estimates of planted acres are not 
available, or (b) when planted acre estimates are available, 
they include plantings for hay, pasture, silage, cover crops, 
etc. This fact is especially true for small grains. The 
total number of acres harvested for the various uses of corn 
are estimated by federal-state agencies, but estimates of the 
acres harvested for grain only are made for the small grains. 
Due to the nature of the acreage data available for corn and 
small grains, a different method was used to estimate these 
acreages. 
The acreages of corn planted for grain was estimated by 
the following formula: 
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/Estimated acres\ /Acres of corn 
'of corn planted | _ / planted for 
for grain in j sll purposes 
the i-th regionj 1 in the i-th 
\region 
Estimated acres^ 
of corn planted 
for silage in 
^the i-th region 
(i = 1, 2, 5, . 104) . 
(The method used to estimate acres of corn planted for 
silage is presented in Section IX A 1)• 
The acres of wheat, oats, barley, and grain sorghums 
planted for grain were estimated by the following relation­
ship: 
(Estimated acres of the g-th grain planted for grain in the i-th region /Acres of the g-th grain har-^ I vested for grain in the i-th \region '1 - average abandonment rateX 
of the g-th grain in the 
vi-th region / 
(g = 1, 5, 4, 5, see Section II D 2). 
(The average abandonment rates were stimated by the 
method described in Section IX A) • 
When available, 1955 planted or harvested acreages of 
wheat, corn, oats, barley, and grain sorghums were obtained 
from the records of the Crop Reporting Board* and state 
statistical bulletins (25, 49 , 59 , 66, 67 , 63 , 69 , 70 , 71, 
73, 79, 80, 95, 96, 124, 137, 138, 139, 140, 146, and 147). 
When acreages were not available from these sources, regional 
acreages were estimated from state data (121) and 1954 
^Charles Burkhead. AED AMS, Washington, D.C. Informa­
tion on wheat and corn, acres and production, by counties. 
Private communication. 1956. 
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economic area and county data (105. (For details of the esti­
mating method, see Section IX G) . 
Cultivated summer-fallow acres were included as a compo­
nent of the regional acreage restraints because fallowed 
acres are a necessary land input in semi-arid wheat produc­
tion areas. 
Machinery and labor costs associated with fallowed land 
are a necessary part of total per acre production cost. 
Also, historic yields are based on production resulting from 
the use of cultivated summer-fallow in rotation. Thus, the 
inclusion of cultivated summer-fallow places acreage, yield, 
and cost estimates in their proper relationship. 
Estimates of cultivated summer-fallow acres were ob­
tained from the Census (105, Table 1) and Burkhead*. It was 
assumed that fallowed acreages did not change significantly 
from 1953 to 1954. Only recently have any annual data been 
available on cultivated summer-fallow and these are far from 
complete. 
The estimated acreages of wheat and feed grains avail­
able for planting in each region are shown in Table 2. 
*Charles Burkhead. AED AMS, Washington, D.C. Informa­
tion on cultivated summer-fallow acreages. Private commu­
nication. 1956. 
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Table S. Estimated acresa of land available for the 
production of wheat and feed grains, by regions, 
1953 
Region Wheat Corn Oats Barley G. sorghum 
1 316,400 110 371 161 776 14,045 —  —  
2 858,150 1,018 019 430 136 173,793 —  —  
3 89,173 320 289 11 875 23,268 
4 103,166 157 535 15 664 21,268 —  —  
5 59,210 118 782 18 120 12,349 — —  
6 12,813 526 261 18 035 3,775 
7 77,386 196 723 44 924 6,378 — —  
8 136,670 123 216 95 661 14,869 — — 
9 91,823 1,223 050 98 834 7,113 — — 
10 7,963 247 370 34 486 182 
11 1,035 241 638 IS 039 51 
12 110,464 2,455 935 527 938 5,576 — — 
13 90,180 192 229 140 440 10,810 —  —  
14 12,169 80 115 13 364 1,588 
15 
—  —  
517 280 24 305 — —  —  
16 360 83 762 6 943 284 
17 882 698 215 21 907 — — 6,171 
18 18,070 1,120 309 72 518 — — 19,073 
19 2,667 1,132 872 89 676 — — 2,673 
20 107,897 741 408 66 750 52,546 
21 161,703 647 868 38 719 3,865 529 
22 184,438 789 693 40 531 54,638 — — 
23 25,488 226 978 6 193 2,009 
24 48,560 242 542 18 130 20,229 
25 189,600 359 523 20 476 4,403 
26 134,514 208 111 64 634 4,283 
27 <>82,lu4 415 070 262 475 7,396 
28 1,698,587 2,421 051 795 035 20,643 —  —  
29 205,800 467 820 70 964 12,830 
30 498,593 1,320 927 68 636 13,835 —  —  
aThese acres include cultivated summer-fallow. 
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Table 2. (Continued) 
Region Wheat Corn Oats Barley G-- sorghum 
31 939,100 2,909,631 905,769 5,604 — —  
32 220,300 510,169 263,855 1,873 — 
33 537,688 682,853 418,511 9,684 — —  
34 893,550 691,149 692,447 39,633 
35 14,918 201,636 766,032 11,318 
36 41,380 817,185 1,370,341 68,191 
37 185,582 4,900,877 2,654, 581 13,326 
38 677,800 3,176,346 986,400 719 — — 
39 305,900 769,430 52,545 5,241 —  —  
40 461,071 450,615 92,907 8,342 
41 252,287 333,723 99,175 7,748 536 
42 442,577 500,090 492,543 76,989 22,340 
43 1,171,158 2,853,744 759,457 3,361 6,878 
44 122,240 2,834,341 1,304,415 2,083 — —  
45 21,010 5,800,771 4,002,544 54,854 
46 27,130 2,454,987 1,613,249 11,910 
47 62,154 1,120,245 1,482,990 45,680 
48 96,075 1,290,429 988,800 185, 500 — —  
49 103,208 339,416 767,400 93,730 — 
50 2,707,050 192,642 836,153 1,090,927 
51 6,035,121 119,599 721,576 1,022,080 
52 2,427,554 20,387 161,054 181,501 —  —  
53 4,0o3,301 293,307 453,482 236,178 
54 481,916 159 , 232 271,864 162,774 
55 1,558,693 237,778 237,037 67,745 
56 2,277,412 747,274 938,200 192,500 
57 216,524 449,898 628,900 108,909 —  —  
58 246,750 410,447 303,229 52,917 
59 143,554 1,835,114 1,593,000 52,636 — — -
60 263,202 2,335,939 1,258,450 15,420 1,267 
61 253,524 81,063 62,621 44,070 65 
62 3,647,370 233,751 109,949 266,057 24,933 
63 491,807 1,157,206 271,043 52,530 18,223 
64 1,358,233 939,375 80,748 13,923 117,031 
65 1,596,052 2,426,797 647,002 9,840 38,109 
Table 2. (Continued) 
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Region Vvheat Corn Oats Barley G- sorghum 
66 398 097 584 582 208,351 1,910 26,899 
67 292 937 208 374 175,400 10,290 101,182 
68 484 850 95 980 127,400 7,390 42,857 
69 615 536 173 059 178,681 8,220 143,506 
70 1,076 267 532 220 79,327 4,610 100.000 
71 1,063 083 . 97 425 112,846 1,850 96,208 
72 2,347 597 36 424 161,700 7,480 182,770 
75 6,565 468 99 740 106,690 78,026 814,301 
74 4,473 617 8 005 14,056 26,102 592,395 
75 154 987 76 186 154,072 4,038 31,533 
76 2,568 240 12 195 94,829 17,416 46,421 
77 2,485 933 6 660 27,116 8,358 383,574 
78 277 9 29 78 387 102,325 5,831 39,088 
79 1,763 528 23 672 109,167 11,862 116,758 
80 1,820 082 5 014 9,402 28,733 1,017,298 
81 1,342 357 12 367 182,747 18, 596 398,743 
82 75 413 4 449 1.745 3,698 1,090,457 
83 277 494 14 938 65,880 5,412 5,749 
84 48 449 2 800 11,521 495 34,479 
85 36 586 296 157 — — 106,124 
86 22 746 43 274 26,391 2,188 13,803 
87 1 204 289 155 — — —i _ 35,561 
88 5 228 291 936 — —» •eew 312,265 
89 6*095 075 103 553 147,500 146,800 — 
90 3,485 868 1 237 75,400 270,300 — —  
91 505 228 22 880 44,274 38,866 
92 629 124 1 173 25,200 36,500 
93 685 763 30 233 71,835 42,201 
94 3,884 374 155 633 40,000 95,464 118,022 
95 492 039 32 875 10,820 21,455 52,061 
96 505 194 1 826 2,650 9,247 42,076 
97 413 623 4 524 355 1,698 124,861 
98 1,538 227 467 39,926 171,053 
99 489 132 1, 154 4,675 23,751 
100 4,334 189 737 89,061 260,697 
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age 94,715,969 67,084,452 34,163,567 7,271,959 6,378,650 
C. Regional Yields 
As indicated in equation (2.30), normal regional yields, 
as defined previously, were estimated in two steps. First, 
the 1945-54 average yields were computed. Then, these yields 
were adjusted by a factor representing the total state trend 
in yield between the mid-point in the period 1945-54 and 
1954. State trends were computed from data for the period 
1937-54. (Specific details related to the trend adjustments 
are given in Section IX F.) 
When data were available, 1954 average yields were com­
puted according to equation (2.30). The sources of the data 
are the same as those listed for acreages. 
In the cases where annual data were not available for 
the period 1945-54 (see Section IX E), per harvested acre 
yields were estimated from state data (121) and Census 
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economic area and county data (105) . (The method used to 
estimate these yields is presented in Section IX D). These 
per harvested acre yields were, then, adjusted by a factor 
representing the average percentage of total acreage har­
vested (where total acreage equals harvested plus abandon­
ment plus fallow). This estimated yield per planted acre 
was then adjusted for fallowed acres when necessary, see 
equation (2.30). 
The estimated yields for each grain by regions are shown 
in Table 3. These are net yields (i.e_., the per acre seed 
requirements have been subtracted; see Section III D 4). 
D. Production Costs 
A brief description of the methods used to estimate per 
acre grain production costs are described in this section. 
In the following section, the methods used to transform these 
costs into the programming coefficients are described. It 
is hoped that this method of presentation will add some clar­
ity to the activity cost definitions given by equations (2.26) 
and (2.2?) • 
The basic items making up the per acre cost are land, 
labor, machinery and power, seed, chemicals and miscellaneous 
inputs. However, a charge for annual land services was con­
sidered only for Model la (see Section D 2). Indirect or 
overhead costs such as management, purchasing, selling, 
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Table 3. Estimated neta yields for wheat and feed grains, 
by regions, 1954 
Grain 
Region Wheat Corn Oats Barley sorghum 
(bushels per acre) 
1 26.88 45.58 38.98 29.95 — — 
2 21.32 50.03 36.35 37.25 — — 
3 18.09 45.87 29.18 26.15 
4 18.36 49.75 32.19 27.16 — — 
5 21.22 39.62 35.15 30.68 — —  
6 16.20 36.61 27.41 21.88 
? 19.30 29.39 32.02 29.90 —— 
S 18.30 31.24 32.16 30.55 
9 17.72 29.21 29.92 24.07 — 
10 17.78 21.26 28.22 21-56 
11 16.53 18.60 23.07 16.96 _ _  
12 16.64 16.17 27.15 23.62 — — 
13 16.54 18.94 27.17 23.63 — • 
14 16.14 18.62 23.98 20.96 mm 
15 — 15.04 21.19 — 
16 22.85 20.94 21.69 19.01 
17 20.43 15.39 22.10 — —- 14.83 
18 19.56 21.50 29.54 —— 17.10 
19 15.67 19.75 20.88 *» — 14.96 
20 14.92 27.59 25.29 14.83 
—  —  
21 18.00 25.58 24.44 18.58 19.22 
22 17.11 36.43 26.95 19.02 — — 
23 16.57 32.65 27.66 19.59 ew w— 
24 15.82 36.33 28.62 24.36 — -e 
25 17.37 50.83 27.72 24.46 
26 22.99 51.30 37.07 29.80 
27 25.95 50.36 40.87 32.83 — 
28 24.14 56.59 39.46 29.11 aw 
29 18.97 44.42 29.99 24.63 — —  
30 19.14 39.78 28.52 26.50 —• — 
aEstime.ted yield less seed per acre; based on a composite 
acre, see Sections II D 1 and III D. 
Table o. (Continued) 
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Grain 
Region Wheat Corn Oats Barley sorghum 
31 24.32 55.58 37.98 25.53 — —  
32 26.95 56.04 39.79 26.24 __ _ 
33 26.64 43.39 37.11 28.68 
34 27.56 43.27 37.20 32.01 — —  
35 20.62 44.65 37.94 33.00 
— —  
56 27.26 58.65 53.60 38.37 
37 25.20 59.88 41.22 30.57 
38 27.06 56.95 36.61 26.63 mm 
39 18.76 36.10 23.68 24.96 
40 19.38 35.16 25.20 25.48 
— — 
41 21.28 35.97 23.86 25.88 16.98 
42 19.67 28.15 24.53 23.27 16.07 
43 22.68 42.78 27.12 27.84 22.28 
44 15.52 46.13 28.10 22.45 
45 14.70 50.10 31.21 17.84 — — 
46 17.60 51.37 37.10 27.53 __ 
47 16.97 47.65 38.16 26.92 •e as 
48 13.54 39.46 32.56 23.59 mm — 
49 14.54 40.29 33.21 27.75 —mm _ 
50 9.15 26.41 29.96 25.04 — —  
51 7.99 20.16 24.59 18.67 
52 7.02 17.83 24.41 17.64 mm 
53 7.52 17.77 25.50 18.46 mm 
54 7.91 22.13 25.81 18.87 
55 8.10 19.0c 22.42 16.73 
56 9.03 22.24 25.46 16.98 
57 8.64 29.68 30.03 20 .10 
58 8.49 21.61 24.23 16.39 
59 9.58 36.51 29.46 18.79 
60 16.18 38.93 22.77 16.84 21.41 
61 12-84 24.43 23.71 19.33 16.71 
62 9.97 26.42 . 24.40 21.79 15.32 
63 10.58 32.20 17.82 12.67 21.54 
64 11.20 25.18 19.22 14.25 21.36 
65 17.53 37.03 22.72 16.33 30.53 
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Table 3. (Continued) 
legion Wheat Corn Oats Barley 
Grain 
sorghui 
66 17.80 31.54 17.42 17.64 25.49 
6? 17.89 25.47 18.71 19.20 19.75 
68 17.05 22.07 20.87 18.06 17.48 
69 17.40 23.99 19.91 18.54 13.42 
70 10.82 22.14 13.70 11.71 19.81 
71 13.28 22.19 18.79 14.33 19.85 
72 13.75 21.01 19.71 13.28 18.59 
73 9.41 20.39 16.02 12.80 18.62 
74 7.32 16.07 15.62 10.34 16.97 
75 12.04 18.40 13 .52 12.65 12.51 
76 12.95 16.50 17.25 11.60 14.81 
77 ô .63 11.19 10.10 7.31 12.90 
78 10.36 19.48 15.72 9.78 13.11 
79 10.32 18.00 15.40 10.08 14.65 
80 6.08 27.23 16.59 12.20 27.54 
81 7.45 13.68 17.94 12.10 10.05 
82 4.99 14.45 15.93 13.16 14.98 
83 8.29 13.73 16.04 12.92 9.07 
84 4.51 11.31 14.19 9.08 12.74 
85 5.77 17.67 
— — 
— 18.97 
86 4.21 14.88 16.57 9.87 16.13 
87 4.45 17.63 — — WW* 15.88 
88 4.45 17.09 — — —1 23.60 
89 8.01 14.62 27.97 29.56 
90 8.88 16.37 29.38 27.01 — ™ 
91 6.51 12.37 23.87 16.37 
92 10.24 25.44 40.63 30.22 mm mm 
93 8.68 24.18 22.75 22.47 mm 
94 6.98 16.31 15.75 12.73 8.83 
95 5.20 42.76 17.88 14.81 16.48 
96 2.49 16.66 11.90 10.09 8.64 
97 1.63 10.02 19.73 10.64 10.75 
98 12.90 45.24 39.43 30.58 mm 
99 9.88 38.13 49.45 47.17 
100 16.88 64.54 40.05 31.05 mm —e 
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Table 5. (Continued) 
Grain 
Region "Wheat Corn Oats Barley sorghum 
101 12.62 52.53 37.65 30.68 — — 
102 11.61 71.66 51.53 33.14 
103 12.45 36.14 18.23 23.22 33.53 
104 9.80 34.81 23.46 37.17 49.95 
housing, etc., were not estimated due to the lack of a satis­
factory method and data for estimation. Some detailed unit 
cost studies use 10 percent of direct cost as an estimate of 
indirect cost, but the use of such a method would not change 
the relative values of the activity costs. Hence, the in­
clusion of a proportional indirect cost would have no influ­
ence on the programming solutions to the problems considered 
in this study. 
Equation (2.31) indicates the conceptual construction 
of per acre cost of each grain. This construction was devel­
oped after considerable searching and probing into the mass 
of heterogeneous data available on grain production costs. 
As indicated by equation (2.3l) there are 12 possible acre-
elements* for each grain acre, which are as follows: 
*For lack of a better term these are designated as 
acre-elements. 
63 
(a) Mechanical, planted and harvested, not irrigated; 
(b) Mechanical, planted and harvested, irrigated; 
(c) Mechanical, planted but not harvested (abandoned); 
(d) Mechanical, cultivated summer fallow; 
(e) Semi-mechanical, planted and harvested, not 
irrigated; 
(f) Semi-mechanical, planted but not harvested, 
irrigated; 
(g) Semi-mechanical, planted but not harvested 
( abandoned); 
(h) Semi-mechanical, cultivated summer fallow; 
(i) Non-mechanical, planted and harvested, not irrigated; 
(j) Non-mechanical, planted and harvested, irrigated; 
(k) Non-mechanical, planted but not harvested 
( abandoned) ; 
(1) Non-mechanical, cultivated summer fallow. 
These acre-elements are self-explanatory except for the 
mechanical items. These are defined as follows: (a) mechan­
ical - a production technique that employs tractor power for 
all tillage operations and harvesting by combine or corn 
picker; (b) semi-mechanic al - a production technique that 
employs tractor power for all tillage operations and harvest­
ing by hand (corn), or binder and thresher (small grain); and 
(c) non-mechanical - a production technique that employs 
animal power for all tillage operations and harvesting by 
hand (corn), or binder and thresher (small grain). It should 
be noted, also, for the above cost definitions that types 
(b), (f), and (j) imply that there is no abandonment on irri­
gated acres. 
The above acre-elements were conceived only as a method 
for estimating average per acre cost within a region. It 
is not implied that these methods were used on each acre in 
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a particular region, only that this break-down represents an 
average or composite acre within a region. An example will 
help to explain the method: Data for corn in region 1 indi­
cated: (a) all production by mechanical techniques, (b) no 
irrigation, (c) no harvesting from land in cultivated summer-
fallow the preceding year, and (d) one percent of the planted 
acres had been abandoned, on the average. Therefore, each 
corn acre in region 1 had two types of acre-element cost 
attached to it, i.-e., mechanical, planted and harvested, not 
irrigated; and mechanical, planted but not harvested. 
The weights are, therefore, 0.99 and 0.01 for mechanical, 
planted and harvested, not irrigated; and mechanical, planted 
but not harvested, respectively. Furthermore, given that the 
per acre costs of the mechanical, planted and harvested acre 
and tne mechanical, planted but not harvested acre are #42.20 
and $34.50, respectively, the estimated average per acre 
production cost for corn in region 1 is #42*12 (42.20 x 0.99 
+ 34.50 x 0.01)• 
The foregoing example points out this: Many times it 
was not necessary to estimate a cost of each acre-element 
for each grain by regions. This is true because production 
by animal power is negligible in many of the regions, and the 
same is true for fallowing and irrigation practices. Hence, 
the estimating problem was not of the magnitude that these 
acre-elements might imply. 
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Certainly, then, the first step in estimating regional 
per acre cost for each grain was the estimation of the acre-
element weights (i.e., the proportion of each composite acre 
cost due to each of the IS elements). After these weights 
were ascertained it was necessary only to estimate the acre-
element cost for those with non-zero weights. (The methods 
used to estimate acre-element weights are described in Section 
X  B . )  
Although the above 12 types of acre-elements are not 
exhaustive, they appeared on the basis of regional data suf­
ficiently complete to provide reasonable estimates of average 
production costs, and at the same time facilitate adjustments 
in cost estimates for planned future studies. 
Labor, machinery and power costs provided the greatest 
conceptual and empirical difficulties in estimating per acre 
cost of basic items (land, labor, etc.) • Although aggregate 
estimates of machinery and labor inputs exist for United 
States farms, satisfactory means for breaking these aggre­
gates down between individual farm enterprises are not avail­
able. Hence, these costs were derived by estimating the 
average physical inputs per acre by type of operation (i.e., 
plowing, discing, harrowing, etc.) and then weighting physi­
cal inputs by the estimated per unit cost of the inputs in­
volved. 
Because much of the published data on labor and machinery 
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costs were not complete, or were out of date, supplementary 
data on these inputs were obtained from 25 agricultural ex­
periment stations. (A duplicate of the data form used and 
the accompanying instructions are presented in Section XII.) 
A brief description of the methods used to estimate the 
basic cost items follows: 
1. Land 
The annual value of land for grain production is not easy 
to ascertain (recall that a land charge was used only for 
Model lb). Cash rents, share rents, and land values represent 
three possible means for estimating the annual value of grain 
land. Of the three, annual cash rent paid for grain land 
would probably be the best and certainly the simplest esti­
mate. However, this method of payment is not sufficiently 
widespread and up-to-date data on rates are not available. 
Likewise, the available data for share rents are incomplete 
and obsolete. Finally, then, the per acre value of land* on 
cash grain farms (105, Economic Area Table 4) was assumed 
to be the best available basis for estimating the annual 
value of land services for grain production. 
*This value also includes an estimate of the value of 
farm buildings on a per acre basis. Thus, an upward bias 
is introduced in the estimated values. However, the result­
ing bias is probably negligible for cash grain farms-
6? 
The annual land inputs were computed in the usual manner 
when land values are used as the base for estimation. The 
sum of the interest rate and tax rate was multiplied by the 
per acre land value. For example, in region 1 the interest 
and tax rates were 0.048 and '0.0184, respectively, per dollar 
of value, and the land value was 111 dollars per acre. Hence 
the estimated annual value of land was 6.37 dollars. (De­
tails of the methods used to estimate tax rates, interest 
rates, and land values are given in Section X A. The estimat­
ed land values are presented in Table 23. The estimated 
annual per acre costs for land by regions are shown in Table 
24, in this appendix section.) No attempt was made to dif­
ferentiate between values when land was used for the differ­
ent grains. 
2. Labor 
As noted in the introduction to this section, physical 
labor inputs were estimated for each production operation. 
The following example for wheat production in region 1 and 
the mechanical, planted and harvested, not irrigated acre-
element illustrates the method. Of course, for the part of 
the "average" acre not harvested (i.e., the mechanical, 
planted but not harvested acre-element), harvesting and haul­



















Man hours of labor required for each production operation 
were obtained from USDA data (136) and the survey data noted 
previously. Whenever possible, modal coefficients were used. 
When a modal production operation was not evident in the 
data, simple averages or single estimates were used-
Per acre labor cost for each acre-element was obtained 
by multiplying the estimated man hours required per acre by 
an estimate of the hourly wage rates on cash grain farms. 
A single wage rate was used for all grain production within 
a region. (The method used to estimate average wage rates 
is described in Section X C-) 
The per acre labor costs for each grain by regions were 
computed by weighting each acre-element labor cost as indi­
cated by equation (2.31). (These estimated labor costs are 
shown in Table 25.) 
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3. Power and machinery 
The method used to estimate power and machinery cost was 
similar to that used for labor. However, the estimating prob­
lem was much more complex due to the multitude of items com­
posing machinery cost.. Instead of just one coefficient 
(hours per acre) and one price (wages), coefficients and 
prices for each implement required to produce each grain in 
each region had to be estimated for determining the power and 
machinery cost. The following example for region 28 in Ohio 
illustrates the general method used to estimate this cost for 
an acre of corn. The example is for the mechanical, planted 
and harvested, not irrigated acre-element. 
Implement Size 
Hours of use 
required 
per acre 





Tractor 19 HP 10.45 # .81 $8.46 
Plow 2-14» 1.50 .71 .92 
Disc ?» T 1.00 .67 .67 
Harrow 10' .50 .22 .11 
Drag 9' .35 .26 .09 
Cultipactor 10' .40 .60 .24 
Planter 2-R .60 .65 .39 
Cultivator 2-R 1.50 .80 1.20 
Picker 1-R 1.80 1.71 3.08 
Wagon Std. 1.00 .08 .08 
Total #15.24 
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The machinery sizes and hours required per acre used to 
estimate machinery cost were modal values when these could "be 
determined. When a modal value was not apparent, simple aver­
ages or single observations were used. Machinery sizes snd 
hours of use required per acre were obtained from USDA data 
(136) and survey data. Extensive searching and many computa­
tions were necessary to estimate the per hour cost of each 
implement. Information on the following items were obtained 
or estimated in order to compute the per hour cost: sizes, 
prices ; annual use; total life; interest, taxes and insurance 
rates; grease and repair rates; and fuel and oil consumption 
rates. With this set of basic data, then, it was possible to 
compute the following items which make up the per hour cost 
of each implement: depreciation, insurance, interest, taxes, 
fuel, oil, grease, and repairs. (The methods used to esti­
mate the components of per hour machinery cost are described 
in Section X G. Table 26 in this appendix section shows the 
estimated per acre power and machinery cost for each grain by 
regions.) 
4. Seed 
Seed cost, itself, was not included as a part of total 
per acre production cost. Instead, the estimated seed re­
quired per acre was subtracted from the estimated yield. 
The reason for using this method is that total demand for 
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seed is a function of the acre age grown in each region'. But 
these acreages are variables to be determined within the 
system (i.e., the model). Hence, the simplest way to allow 
seed cost and the demand for seed to be variables determined 
by the system is to deduct the seeding rate from the yield. 
The necessary conditions for using this method are: (a) grain 
seed is planted in the same region that it is produced and 
(b) planted acres within each region are constants between 
years• 
Only state seeding rates were available (110, 1954) . 
Therefore adjustments were made in state rates to compensate 
for variations within the states. (The method used to adjust 
state seeding rates is described in Section X E. The esti­
mated regional seeding rates are shown in Table 27.) 
5. Chemicals 
The productive factors classified as chemicals for this 
study are: fertilizers, lime, insecticides, fungicides, and 
herbicides. Fertilizer and lime represent inputs from which 
there is a carry-over effect beyond the year of application. 
Hence, it is quite difficult to estimate the true cost of 
these inputs for any one year. However, the carry-over of 
fertilizer beyond the year of application is usually a small 
proportion of the input. Too, the carry-over varies consider­
ably between nitrogen, phosphorous and potassium application 
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levels ana soil types. Because the effect of these several 
variables is unknown for each region, fertilizer was charged 
to the crop on which it was applied. This procedure may not 
provide a significant limitation since a feed grain rotation 
acre was used in three of the four models. For lime, however, 
about 50 percent of the quantity applied is available after 
the third year. Therefore, the total lime applied in a par­
ticular region in 1954 was charged to each cropland acre. 
Regional fertilizer costs for each of the five grains 
were derived from Census data (105, County Table 6 and Eco­
nomic Area Tables 4 and 5), but specific data for only the 
"more important" crops are recorded in the Census. When fer­
tilizer applications were not tabulated for a grain crop in 
the Census, this cost was estimated with the aid of unpub­
lished data of the USDA. (For details, see Section X F. 
The estimated fertilizer costs are presented in Table 23 of 
this appendix section.) Per acre lime cost for each grain 
was estimated, as indicated above, simply by dividing the 
total cost of lime applied in a region, 1954, by the total 
cropland (105, Economic Area Tables 1 and 2 and County Tables 
1 and 6). (The estimated per acre lime cost for each region 
is presented in Table 29 in the appendix.) 
Data were not available for insecticide, fungicide and 
herbicide expenditures for wheat and feed grains by regions. 
Hence, these costs were first estimated for each state. Then, 
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state estimates were used to estimate chemical costs for 
regions within states. 
The basic data for insect, pest and chemical weed control 
expenditures were those compiled by Brodell and others (IS, 
Tables 9, 10, 11 and 12). (The methods used to transform 
Brodell's data into a form used in this study are described 
in Section X F. The estimated regional per acre costs for 
insects, pest and chemical weed control for each grain are 
shown in Table 30 of this appendix section.) 
6. Miscellaneous 
Miscellaneous costs include those for spreading of manure, 
fertilizer and lime, and water for acreages produced by irri­
gation. 
No attempt was made to estimate the values of manure 
applied to wheat and feed grains. Manure was considered a 
waste product of livestock that has no value in the barnyard 
or feed pen. Therefore, only the spreading cost was charged 
to crop enterprises. Manure spreading costs were estimated 
for only the programming regions in the Northeastern, Appa­
lachian, Corn Belt, Lake States, and corn producing areas 
Northern Plains Regions (see Table 18 for states composing 
these regions). Estimated spreading costs were based on 
estimated quantities of manure recovered from the livestock 
in each region. (For the method used to estimate the quantity 
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of manure recovered in each region, see Section X G-.) The 
estimated cost of spreading the total quantity of manure re­
covered in each region was distributed to all the cropland 
harvested in each region (105, County and Economic Area Table 
1). The assumption basic to this method of allocation was 
that all crops grown benefited equally from manure applica­
tions through rotations. 
For some of the fertilizer applied to grains, the appli­
cation cost was accounted for in the method used to compute 
machinery and labor cost. This accounting method was used 
for fertilizer applied by attachments on planters, drills and 
cultivators. For fertilizer spread by other methods (98a), 
an additional application cost was computed which included 
charges for labor, power and machinery. 
Cost for lime spreading by custom operators was assumed 
to have been included in the lime expenditures reported by 
farmers (105, County Table 6 and Economic Area Table 2). An 
additional spreading cost was computed for lime spread by 
farmers (98a). 
Surface types of irrigation only were assumed for the 
production of wheat and feed grains. In areas where less 
than 0.5 percent of the grains were produced by irrigation 
methods (105, County Table la) irrigation costs were not 
estimated. (For sources of information on water costs as 
well as a description of the estimating methods used for all 
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miscellaneous costs, see Section X G. The estimated miscel­
laneous costs for each grain, by regions, are presented in 
Table 31.) 
Estimates of the production costs outlined above are sum­
marized in Table 4. These costs are based on a composite 
acre (see Section III D). 
E. Demand Restraints 
As noted in Section II D, separate demand restraints 
(restrictions) were considered for food wheat and feed grain 
in aggregate. For purposes of this study, these demand re­
straints, assumed to be fixed or constants, are based on the 
following: (a) the normal per unit requirements of the human 
and/or livestock populations and (b) the actual net exports 
in the base year, 1954. 
Because it was believed that grain stocks "put an ab­
normal pressure" on grain disappearance in 1954, an attempt 
was made to estimate a normal domestic disappearance for each 
grain. However, no attempt was made to estimate normal net 
exports due to the multitude of unmeasurable factors in the 
world market. 
The total (domestic and foreign) estimated demand levels 
(see Section XI for methods) were approximately 757 million 
bushels of wheat and 3,887 million corn-equivalent bushels of 
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Table 4. Estimated per acrea production costs for wheat and 
feed grains, by regions, 1954 
Grain 
Region Wheat Corn Oats Barley sorghums 
(dollars per acre) 
1 36.60 42.12 35.71 36.01 — 
2 36.S9 41.89 35.21 33.95 — — 
3 35.45 34.88 33.87 36. 20 — 
4 35.18 39.39 34.61 34.84 
5 30.27 36.50 30.22 30.22 
6 29.83 36.70 31.45 29.50 _ _  
7 38.43 45.09 38.39 38.46 — —. 
8 35.01 37.41 33.88 35.00 — 
9 34.08 41.21 33.95 34.29 
10 31.08 39.14 31.91 32.37 
11 31.70 36.39 28.99 29.89 
12 28.10 30.22 28.12 28.22 — — 
13 28.91 33.68 28.02 28.42 *• — 
14 29.23 32.86 27.34 28.68 •e — 
15 30.36 29.32 — 
16 29.84 41.57 35.53 33.90 
17 27.13 33.01 32.06 •— — 32. 53 
18 27.34 33.09 32.13 —— 32.02 
19 26-75 32.53 26.80 — — 30.17 
20 29.55 32.32 28.26 28.10 
21 28.01 29.53 25.30 24.94 
22 27.52 33.91 26.90 26.80 
23 31.28 32.95 30.44 30.89 — _ 
24 34.62 36.91 33.65 34.15 mm *• 
25 33 .05 40.19 34.28 28.77 — — 
26 35.03 40.10 29.41 29.54 
27 39.42 43.92 35.16 35.63 —— 
28 38.22 45.35 33.65 34.25 mm 
29 30.85 35.56 27.41 25.55 —* —. 
30 27.82 27.96 25.96 24.95 
aThese estimates are based on a composite acre, see 








































Wheat Corn Oats Barley sorghums 
35.69 38.98 32.74 51.11 — —  
31.07 37.07 29.29 27.86 — 
38.08 39.54 33.42 56.37 — — 
38.91 38.86 38.08 57.14 — — 
25.18 34.26 27.36 25.66 
51.87 40.64 31.58 32.36 
55.07 58.52 33.55 34.48 
37.22 37.22 32.87 34.47 
25.62 25.11 20.06 21.07 — — 
24.05 28.01 19.71 20.88 — 
27.09 50.37 24.15 26.88 29.24 
24.56 27.12 20.68 22.09 25.56 
26.52 28.44 23.42 29.95 32.67 
24.62 29.60 22.11 25.23 M — 
27.75 52.44 24.41 24.95 
26.46 31.22 22.18 22.00 
24.36 31.77 25.38 25.08 —• — 
21.17 25.97 16.11 20.39 •• — 
16.32 26.14 17.58 16-51 — — 
12.58 22.76 16.63 15.83 — — 
8.70 19.96 10.66 10.83 __ 
7.53 21.10 10.19 10.44 — 
8.82 17.85 10.75 10.90 mm —™ 
10.57 18.51 12.04 12.27 •e Mi 
7.44 12.81 9.03 8.92 
9.46 13.85 10.23 10.28 __ 
13.91 21.18 16.56 16.51 
9.15 13.67 10.85 11.76 
14.20 20.53 15.52 16.26 mm mm 
19.59 22.05 17.89 18.80 20.96 
9.86 17.16 14.38 15.56 18.70 
10.76 25.83 17.21 17.87 19.24 
14.48 22.88 20.27 19.00 24.95 
10.39 21.01 16.15 14.77 20.12 
20.09 24.98 19.21 17.98 21.60 
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Table 4. (Continued) 
Grain 
Region wheat Corn Oats Barley sorghums 
66 23.18 23.63 19.82 17.85 21.33 
67 22.75 25.67 18.72 16.68 23.10 
68 23.86 26.13 19.63 20.36 21.34 
69 21.72 24.84 17.89 19.32 23.90 
70 12.76 19.78 16.09 14.09 19.96 
71 16.43 23.75 17.50 15.64 22.04 
72 16.56 26.35 17.69 16.26 22.64 
75 10.01 15.43 13.06 11.73 14.26 
74 7.69 21.00 10.26 9.84 12.35 
75 18.93 23.50 20.25 18.82 21.38 
76 14.57 27.05 14.83 13.95 22.32 
77 9.83 17.05 11.50 10.40 12.81 
78 15.58 24.01 16.68 15.85 21.88 
79 11.98 21.32 12.86 11.84 15.08 
80 9.88 27.60 10.56 10.37 18.76 
81 9.22 15.03 11.17 10.37 11.72 
82 9.20 25.32 10.63 10.13 13.17 
83 10.38 16.11 11.86 11.24 12.00 
84 10.19 14.52 12.77 12.09 13.55 
85 15.37 22.29 — 
—
w  21.69 
86 9.77 19.47 14.24 13.06 18.48 
87 15.09 21.66 -- — — — 19.02 
88 11.70 18.51 W MB 15.94 
89 6.67 33.98 11.02 10.71 mm we» 
90 9.59 38.60 21.22 16.86 
— — 
91 7.58 35.30 14.53 13.38 _ _  
92 10.39 46.43 25.95 22.41 m^ mtm 
93 10.57 25.53 17.49 18.55 
94 8.38 15.23 12.48 11.95 13.80 
95 10.03 25.11 17.61 18.34 22.38 
96 6.01 16.73 12.80 11.61 15.30 
97 7.02 19.44 18.57 18-19 19.26 
98 14.64 30.68 24.64 — — 
99 14.13 54.07 34.96 35.08 mm mm 
100 17.09 57.62 23.42 22.80 —« _ 
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Table 4. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
101 11.02 61.84 17.44 IS.16 
102 11.38 75.90 30.50 25.62 
103 21.72 51.86 24.88 24.86 44.51 
104 16.81 58.96 16.95 21.77 23.71 
feed grains.* These estimates, though derived by simple un­
sophisticated techniques, seem quite reasonable and not 
greatly different when compared to actual disappearances of 
wheat and feed grains in 1954 (118). Seed requirements and 
grain for forage are not included in the above estimates 
since seed requirements were subtracted from yields and this 
study is concerned with grain production alone. 
As shown in Figure 1, all the land area in the United 
States was not included in the programming regions. Hence, 
it was necessary to estimate the normal production of wheat 
and feed grains in these non-programmed areas in order to 
determine how much of the estimated total requirements (above) 
had to be produced in the programming regions. (See previous 
discussion in Section III A.) 
The normal production in the non-programmed areas was 
*The corn-equivalent conversion factors used in this 
study are given in Section IX F. 
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estimated by a residual method.*"* First, for each state and 
each grain, the total planted acreage in the programming 
regions within a state was subtracted from the acreage planted 
for grain in the state, 1953. Then, these residual acreages 
were multiplied by the estimated 1954 state normal yields*** 
to estimate the total production in the non-programmed areas. 
These quantities, with corn, oats, barley, and grain sorghums 
converted to corn-equivalents, are 80 and 358 million bushels 
of wheat and feed grains, respectively. Hence (subtracting 
these quentities from the above total requirements), the 
quantities to be produced in programming regions are 677 and 
3,548 million bushels of wheat and feed grains, respectively. 
The estimated acreages and total attainable production 
in the programming regions and non-programmed regions are 
summarized in Table 5. That the attainable production in 
the programming regions accounts for most of the grain pro­
duction in the United States is quite apparent in Table 5. 
In fact, if the feed grains are converted to corn-equivalent 
bushels, the percentage of feed grains in the programmed 
areas accounts for about 91 percent of total U. S. production. 
The similar percentage for wheat production in the programming 
**A residual method was used because county data were not 
available for many states for 1953. 
***The yields were estimated by the same method used to 
estimate normal yields for programming regions. 
Table 5. Estimated available acreages and attainable total net ' production of 
wheat and feed grains In the United States, programmed areas and non-
programmed areas, 1954 
Grain 































6 . 3  
United 
States Acres 99,79 5,844 75, 257,055 
Production 
































States Bushels 1,159,710,137 2,947, 771,280 1, 256, 837,078 232, 583,558 127,408,438 
aSeed requirements have been subtracted from per acre yields. 
t>A residual, see text, Section III E. 
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regions is 93.1 
F. Grain Prices 
Since Model III is based on the criterion of maximum 
profit, it was necessary to estimate regional grain prices 
received by farmers for this model. To estimate grain prices 
that are consistent with the fundamental concepts underlying 
Model III is not simple (see Section II D 4). First of all, 
the differences in regional prices should be a measure of 
the relevant transport costs between regions. Secondly, the 
regional prices should represent the relative values of each 
grain in a competitive market. 
Briefly, the method used to estimate regional grain 
prices was as follows: The average wheat-corn price relative 
for the period 1932-41 provided the basis for making wheat 
price estimates.* First, the 1945-54 U. S. average price of 
corn was multiplied by the 1932-41 U. S. wheat-corn price 
relative. Then, this product was subtracted from the actual 
U• S. average price of wheat for the period 1945-54. Next, 
this difference was subtracted from each average state wheat 
*Data indicate that for more recent periods the market 
wheat price has been maintained above the competitive level; 
for example, the price of wheat relative to corn has in­
creased from 122 for the period 1931-42 (110, 1944) to 131 
for the period 1945-54 (110, 1956). 
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price for the period 1945-54 (110, 1956) . Finally, the re­
gional wheat prices were estimated by adjusting the derived 
state average prices by the price gradients indicated on a 
wheat iso-price map (65). For this final adjustment, it was 
assumed that prices within each state were a linear function 
of distance. 
Regional corn prices were estimated with the aid of a 
corn iso-price map (64), simply by adjusting 1945-54 average 
state corn prices in a manner similar to that used to adjust 
state wheat prices. 
It was not necessary to estimate individual prices for 
oats, barley, and grain sorghums since these grains are con­
verted to corn-equivalents for programming. Thus, in essence, 
the prices which were used for these three grains were the 
corn price weighted by their respective feed values in terms 
of corn. When used for feed, the prices of oats, barley, and 
grain sorghums would be expected to be near their relative 
feeding values in the long-run. In fact, for the period 
1945-54 (110, 1956), the relative prices of oats, barley and 
grain sorghums were 0.51, 0.81, end 0.88, respectively; while 
their estimated relative feed values for this study were 
0.495, 0.791, and 0.985. These small differences for oats 
and barley are perhaps due to higher prices paid for higher 
quality oats, and barley used for breakfast food and malt 
manufacture. The greater difference observed for grain 
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sorghums may be due to any one, or combination of, the fol­
lowing: (a) farmers are not aware of the relative feed value 
of grain sorghums, (b) it is more convenient for farmers to 
feed corn, and (c) the estimated relative feed value of grain 
sorghums is too high. 
The estimated regional wheat and corn prices used for 
programming are presented in Table 6. 
G-. The Programming Coefficients 
The previous sections described the methods and problems 
involved in estimating maximum regional acreages available 
for grain production, estimating normal regional yields, 
estimating regional per acre production costs, and estimat­
ing regional corn and wheat prices. In this section the 
methods used to convert these data into coefficients used in 
the four analytical models are described. The methods used 
have already been summarized in equation form in Section II D. 
However, the method may be made clearer by relating the basic 
data presented in this chapter and section to these summary 
equations. This method of presentation will be used: First, 
the conversion of basic data into the matrix coefficient re­
quired for Model la will be described in some detail. Then, 
the necessary modification in the matrix to meet the condi­
tions of the other three models will be described. 
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Table 6. Estimated normal wheat and corn prices, by 
regions, 1954 
Wheat Corn Wheat Corn 
Region price price Region price price 
(dollars per bu.) (dollars per bu.) 
1 1.88 1.66 31 1.83 1.49 
2 1.85 1.68 32 1.85 1.51 
3 1.91 1.66 33 1.87 1.52 
4 1.90 1.65 34 1.88 1.54 
5 1.92 1.68 35 1.86 1.52 
6 1.92 1.60 36 1.85 1.51 
7 1.96 1.68 37 1.85 1.51 
8 1.96 1.68 38 1.87 1.50 
9 1.94 1-62 39 1.87 1.51 
10 1.93 1.62 40 1.87 1.51 
11 1.94 1.62 41 1.86 1.52 
12 1.93 1.62 42 1.85 1.56 
13 1.93 1.67 43 1.83 1.54 
14 1.92 1.69 44 1.88 1.52 
15 1.66 45 1.88 1.50 
16 1.90 1.66 46 1.90 1.46 
17 1.91 1.66 47 1.92 1.40 
18 1.92 1.68 48 1.91 1.38 
19 1.83 1.63 49 1.95 1.40 
20 1.92 1.66 50 1.95 1.38 
21 1.87 1.60 51 1.94 1.36 
22 , 1.67 1.60 52 1.94 1.48 
23 1.90 1.62 53 1.94 1.46 
24 1.89 1.61 54 1.92 1.36 
25 1.88 1.55 55 1.89 1.45 
26 1.88 1.60 56 1.92 1.40 
27 1.88 1.58 57 1.93 1.37 
28 1.86 1.51 58 1.89 1.45 
29 1.86 1.55 59 1.92 1.46 
30 1.86 1.54 60 1.87 1.50 
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Table 6. (Continued) 
Wheat Corn VJheat Corn 
Region price price Region price price 
61 1.76 1.58 86 1.86 1.49 
62 1.79 1.57 87 1.87 1.50 
63 1.86 1.47 88 1.87 1.50 
64 1.86 1.49 89 1.79 1.60 
65 1.87 1.50 90 1.74 1.65 
66 1.88 1.51 91 1.79 1.60 
67 1.87 1.51 92 1.74 1.64 
68 1.86 1.51 93 1.76' 1.58 
69 1.86 1.51 94 1.82 1.56 
70 1.86 1.49 95 1.83 1.57 
71 1.88 1.50 96 1.83 1.58 
72 1.85 1.51 97 1.81 1.54 
73 1-85 1.52 98 1.72 1.80 
74 1.84 • 1.54 99 1.73 1.88 
75 1.85 1.50 100 1.85 1.79 
76 1.85 1.51 101 1.86 1.83 
77 1.84 1.55 102 1.88 1.85 
78 1.85 1.50 103 1.95 1.89 
79 1.84 1.53 104 1.95 1.89 
80 1.84 1.54 
81 1.85 1.48 . 
82 1.85 1.48 
83 1.85 1.48 
84 1.85 1.50 
85 1.86 1.49 
1. Model la 
The composition of the acreage restraints (i.e., the max­
imum acres of land that can be used for grain production in 
each region, the quantities in the A0 column of the simplex 
tableau) is indicated by equation (2.22). These restraints 
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are simply the sums of the individual grain acreages given in 
Table 2. 
The demand restraints ( i.£-, the quantities of wheat and 
feed grains that must be produced within the system) are the 
two constants already given in Section III E (i.e., 677 and 
5,458 million bushels of wheat and feed grains, respectively. 
The restraints for acreage and production, or the entries 
in the AQ column in the basic tableau, are presented in Table 
7. 
As indicated by equations (2.25, 2.24 and. 2.25), for each 
region in Model la there were three grain producing activ­
ities, i_. e,., wheat for food, wheat for feed and feed grains. 
The output (yield) of the wheat for food activities are the 
estimated normal per acre yields shown in Table 5. For the 
other two activities in each region grain yields (Table 3) 
were first converted to corn equivalent bushels. The con­
version factors, some of which have already been given, were 
as follows: wheat, 1.121; oats, 0.495; barley, 0.791; and 
grain sorghums, 0.985. The output of the feed wheat activity 
is, then, the corn-equivalent yield. For the feed grain ac­
tivity, a composite activity consisting of the four grains, 
corn, oats, barley, and grain sorghums, the output was ob­
tained by summing the weighted corn equivalent yields; where 
the weights are the ratios of the individual maximum acreages 
to the total acreages of the four grains. 
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Table 7. Acreage restraints, by regions, and total production 
restraints ( simplex AQ) 
Region Acres Region Acres 
(in thousands) (in thousands) 
1 603 36 2,297 
2 2,480 37 7,754 
3 445 38 4,841 
4 298 39 1,133 
5 208 40 1,013 
6 561 41 693 
7 325 42 1,535 
8 370 43 4,795 
9 1,421 44 4,263 
10 290 45 10,879 
11 261 46 4,107 
12 3,100 47 2,711 
13 434 48 2,561 
14 107 49 1,304 
15 542 50 4,827 
16 91 51 7,898 
17 727 52 2,790 
18 1,230 53 5,016 
19 1,228 54 1,075 
20 969 55 2,101 
21 853 56 4,155 
22 1,069 57 1,404 
23 261 58 1,013 
24 329 59 3,264 
25 574 60 3,874 
26 411 61 441 
27 1,067 62 4,282 
28 4,935 63 1,990 
29 757 64 2,509 
30 1,902 65 4,718 
31 4,760 66 1,220 
32 996 67 788 
33 1,649 68 758 
34 2,317 69 1,119 
35 994 70 1,792 
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Table 7. (Continued) 








































Equations (2.26), (2.27), and (2.28) indicate the nature 
or composition of the activity cost coefficients for Model 
la. The per acre costs listed in Table 4 are similar in 
composition to those defined by equation (2.31) except that 
an annual land cost has been included in this table. Or, 
to put it another way, the costs listed in Table 4 are de­
fined by equation (2.31) when equation (2.29) is used to 
compute the c^j's. Hence, the costs for the food wheat and 
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feed wheat activities are equal to per acre costs for wheat 
shown in Table 4 minus the estimated per acre land costs shown 
in Table 24. 
The per acre cost of the feed grain activities can also 
be derived from the data in Table 4. However, the acreage 
data of Table 2, as well as the land costs in Table 24, are 
required to transform the per acre cost for corn, oats, bar­
ley, and grain sorghums into a feed grain activity cost. 
Several steps are required for the transformation. The data 









Corn 42.12 .386 16.26 
Oats 35.71 .565 20.18 
Barley 36.01 .049 1.76 
38.20 
Minus land cost 7.37 
Per acre feed grain activity cost 30.83 
In the above example, the weights are computed by divid­
ing the acreage of each feed grain by the total acreage of all 
feed grains in region 1 (Table 2). 
Both the estimated per acre activity outputs (yields) and 
costs for each region are presented in Table 8-
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(dollars per acre) (bushels per acre) 
1 29.23 30.83 26.88 30.13 29.66 
2 28.08 30.45 21.32- 23.90 39.34 
3 29.86 29.34 18.09 20.28 43.16 
4 28.14 31.47 18.36 20.58 43 .93 
5 24.36 29.31 21.22 23.79 35.66 
6 25.25 31.90 16.20 18.16 35.71 
7 32.35 37.67 19.30 21.64 26.79 
8 30.17 30.97 18.30 20.51 24.52 
9 28.35 34.90 17.72 19.86 28.08 
10 22.79 29.96 17.78 19.93 20.37 
11 27.24 31.42 16.53 18.53 18.10 
12 23.3? 25.12 16.64 18.65 15.69 
13 22.79 25.01 16.54 18.54 16.69 
14 26.46 29.23 16.14 18.09 17.64 
15 26.49 14.84 
16 23.36 34.59 2P.85 25.61 20.16 
17 23.73 29.57 20.43 22.90 15.25 
18 23.42 29.09 19.56 21.93 21.01 
19 22.87 28.22 15.67 17.57 19.05 
20 25.84 28.04 14.92 16.73 25.45 
21 22.60 23.84 18.00 20.18 24.76 
22 24.25 29.88 17.11 19.18 34.04 
23 26.68 28.27 16.57 18.57 32-00 
24 28.04 29.93 15.82 17.73 33.66 
25 25.93 32.62 17.37 19.47 48.49 
26 29.64 32.07 22.99 25.77 43.18 
27 30.28 31.32 25.95 29.09 38.55 
28 25.72 29.90 24.14 27.06 47.27 
29 26.25 29.66 18.97 21.27 40.01 
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66 17.56 16.96 17.80 19.95 25.47 
67 18.91 18.66 17.89 20.05 18.29 
68 20.20 18.52 17.05 19.12 15.63 
69 16.65 16.95 17.40 19.50 17.16 
70 9.21 15.81 10.82 12.13 19.99 
71 11.21 15.66 13.28 14.89 16.58 
72 9.49 13.73 13.75 15.41 14.86 
73 5.80 9.86 9.41 10.54 16.93 
74 3.88 8.50 7.32 8.21 16.16 
75 15.40 17.75 12.04 13.51 10.77 
76 9.41 12.49 12.95 14.52 10.82 
77 6.08 9.00 6.63 7.44 12.06 
78 10.93 15.45 10.36 11.60 12.73 
79 7.55 10.13 10.32 11.56 11.61 
80 4.90 13.53 6.08 6.82 26.49 
81 5.54 7.90 7.45 8.35 9.68 
82 5.13 9.13 4.99 5.59 13.99 
83 7.06 9.20 8.29 9.29 9.53 
84 5.19 8.41 4.51 5.05 11.13 
85 7.15 13.92 5.77 6.47 17.94 
86 4.77 12.54 4.21 4.72 12.80 
87 7.73 16.00 4.45 4.99 17.41 
88 6.30 11.78 4.45 4.99 20.27 
89 5.07 15.27 8.01 8.98 17.57 
90 6.83 15.14 8.88 9.95 19.86 
91 6.76 17.75 6.51 7.30 12.48 
92 8.88 22.77 10.24 11.48 22.41 
93 8.61 17.52 8.68 9.73 15.87 
94 5.50 10.90 6.98 7.83 11.82 
95 7.63 19.57 5.20 5.84 22.15 
96 3.61 12.22 2.49 2.80 8.57 
97 4.04 16.28 1.63 1.82 10.54 
98 10.56 21.67 12.90 14.46 23.35 
99 10.36 32.03 9.88 11.08 35.31 
100 10.95 16.88 16.88 18.93 23.44 
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2. Model Id 
The structure of Model lb is the same as that for Model 
la; and the values of all the coefficients are exactly the 
same except for activity costs — the difference in activity 
cost being the inclusion of a land cost for Model lb. Thus, 
the activity costs for Model lb can be derived simply by add­
ing the regional land costs of Table 23 to the activity costs 
in Table 8. 
3. Model II 
For Model II the coefficients in the initial simplex 
tableau AQ column (see matrix 2.21) are the same as those for 
Model la (i.e., as in Table 7). However, in Model II all the 
feed grains are "independent" activities instead of being a 
part of a feed grain rotation. Thus, there are six possible 
activities per region instead of the three in Model la. 
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These activities are food wheat, feed wheat, corn, oats, "bar­
ley, and grain sorghums. The cost and output coefficients for 
the food wheat and feed wheat activities are identical to those 
required for Model la. And, the activity yields and costs are 
identical to those given in Tables 3 and 4, respectively, when 
land costs are subtracted from those given in Table 4 and 
yields are weighted by the corn-equivalent conversion factors. 
4. Model III 
The sole difference between the structure of Model la and 
Model III is in the objective function. Model la is a minimum 
total production cost model while Model III is a maximum total 
profit model, given regional activity net returns. The activ­
ity gross returns are obtained by multiplying the activity 
yields in Table 8 by the relevant wheat or corn prices (the 
food wheat activities are multiplied by the corresponding re­
gional wheat prices and the other two feed activities are 
multiplied by the corresponding regional corn prices given in 
Table 6). Net returns per acre are then obtained by subtract­
ing the relevant per acre costs in Table 6 from the computed 
gross returns, see equation (2.52). 
H. Limitations of the Data 
In the preceding discussion and data it is apparent that 
the "ideals" outlined in Section II A provided only a frame­
work or model for deriving average inputs and outputs for 
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grain crops in each region. As noted in Section III A, the 
objective was to derive "normal" inputs and outputs that would 
reflect the relative competitive position of the programming 
regions as a whole, not as individual farms. Whether or not 
this objective was achieved determines the primary limitations 
of the data. 
For many estimates, some quite arbitrary methods were 
used. However, many methods of estimation were often investi­
gated before deciding to use a specific one. Also, the re­
sults of some estimating methods were checked against avail­
able data whenever possible. This check was used when par­
ticular data were available for some regions and not for 
others• 
The magnitude of this study necessitated that compromise 
be made frequently between using a particular estimator or 
spending excessive time searching for a "better" one. Since 
no specific sampling method was used it was not possible to 
choose between estimators by any known statistical criteria. 
In the final analysis, it was necessary to rely on judgment 
conditioned by time and budget. 
Wide variation in input-output coefficients between farms 
within the programming regions are known to exist. The re­
sults of this study are conditioned accordingly. Certainly, 
some farms in each of the regions would produce under com­
petitive market prices, even though the empirical results 
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indicate that the production of a grain crop would be entirely 
eliminated from a particular region. But the emphasis in this 
study is on defining "broad" areas for resource adjustments in 
grain production given certain demand requirements. Follow-up 
studies, as noted previously, are planned to investigate the 
problem of within-region resource adjustments. 
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IV. THE RESULTS AND DISCUSSION 
The solutions for the economic models outlined in Chapter 
II are presented in this chapter. These solutions are then 
compared with production trends of the five grains in broad 
agricultural regions (i.e., the Farms Production Regions de­
fined by the USDA) in order to determine if historic or recent 
tendencies are consistent with optimum regional adjustments. 
Finally, some implications of the programming solutions in 
regard to the Soil Bank Program are discussed. 
A. Model la 
The producing regions, acreages required for grain pro­
duction and the bushels of wheat and feed grain (in corn-
equivalents) produced in each region specified by the solu­
tion to Model la are presented in Table 9. The geographic 
location of these producing regions in the United States is 
shown in Figure 3. The designated production location for 
Model la appears to be reasonable inasmuch as corn produc­
tion is primarily specified in the Corn Belt, and wheat* pro­
duction is specified in the Great Plains and the Pacific 
Northwest. The regions in the states of North Dakota, South 
*In the following discussions the term wheat will be used 
to refer to food wheat. When feed wheat production is dis­
cussed it will be so noted. 
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Table 9. Producing regions, acreage utilized and production, 
Model la solution 
Wheat Feed grain8. 
Region Acreage (bushels) (bushels) 
(in thousands) 
2 92^ 3,600 
5 445 — —  19.189 
4 298 — —  13.075 
25 574 — — 27,833 
26 412 — —  17,770 
28 4,935 llll — 233,287 
29 757 —  —  30,303 
50 1,902 —— 72,903 
31 4,760 —  —  222,916 
32 996 — — 43,444 
36 2,297 30,121 45,623 
37 7,754 — —  356,616 
38 4,841 -• — 231,170 
39 1,133 —- 39,025 
40 1,013 
— 31,522 
41 693 20,970 
43 4,795 llll 175,338 
44 4,263 ——  153,258 
45 10,879 — ** 403,933 
46 4,107 
—• 157,062 
47 2,711 84,314 
48 2,561 w»—» 73,085 
49 1,304 30,795 
50 4,827 —mm 89,054 
51 7,898 — 111,446 
52 2,790 37,225 
53 5,016 37,722 —» 
54 1,076 — —  17,072 
55 2,101 — ~ 31,183 
56 4,155 68,643 
^Expressed in corn-equivalent bushels. 
bpart of maximum acreage. 
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57 1,404 28,884 
58 1,013 — —  17,450 
59 3,624 94,739 
60 3,874 — — - 113,009 
61 441 5,667 
— — 
62 4,282 42,692 
63 1,990 — —  53,852 
64 2,509 28,104 —  —  
65 4,718 — —  148,795 
66 1,220 — 31,068 
69 1,119 19,469 
70 1,782 19,394 — * 
71 1,371 18,213 —  —  
72 2,736 37,617 —  —  
75 7,664 72,121 
74 5,114 82,640 
76 2,739 35,469 mm — 
77 2,912 19,301 — mm» 
79 2,025 20,898 w 
80 2,881 76,304 
81 1,955 14,562 
82 1,176 16,450 
83 369 3,063 wmm —  
84 97 — —  1,088 
88 610 12,359 
89 6,493 52,009 _ _  
90 3,833 34,035 — mm 
92 692 7,086 _ _ 
94 4,293 29,964 
98 1,750 22,569 
— 
100 4,685 79,077 
101 2,785 35,147 mmmm 
102 544 6,316 —We» 
103 554 6,895 —  —  
104 1,015 — 30,643 
Total 177,664 677,511 3,548,915 
Figure 3. Specified location for wheat and feed grain 
production and surplus grain areas, Model la 
solution 
FEED GRANS 
WHEAT FOR FOOD 
WHEAT FOR FOOD AND 
FEED GRAINS 




Dakota, Kansas, and Texas, which are shown in feed grain pro­
duction by the solution, are currently producing large quan­
tities of wheat. But feed grain production specified by the 
model solution consists primarily of barley and osts in North 
Dakota and grain sorghums in Kansas and Texas (see Table 2; 
regions 50, 51, 52, 54, 74 and 80). These designated grains 
might replace wheat production in these regions if wheat 
prices were below their current levels. 
Subtraacting the number of producing regions, 65, shown 
in Table 9 from the original total, 104, shows that 39 regions 
are not required to fulfill the specified wheat and feed grain 
requirements (i.e., 757 million bushels of wheat and 3,877 
million corn-equivalent bushels of feed grain) in terms of 
Model la. The location of these regions that "go out of 
production" are also shown in Figure 3. This figure (when 
compared with Figure 2) shows that a majority of the unre­
quired regions are located in the South. The other regions 
not required for production are located in Northwestern New 
York, Northeastern Ohio, Southern Michigan, Central Wiscon­
sin, Central Texas, Southcentral Montana, Eastern Wyoming, 
Southeastern Colorado, Eastern New Mexico, Northcentral Utah, 
Western Missouri and Eastern Kansas. 
The number of acres "released from grain production" by 
the 39 surplus regions plus the unused acres in region 2 (see 
Figure 3) is 31,471,000. Thus, in terms of Model la, these 
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acres could be directed to other types of uses such as forage 
production, forestry or recreation purposes. The latter 
alternative might be more relevant in some areas because of 
the rapidly expanding population. Of more interest than the 
acreas of surplus grainland, perhaps, is the surplus grain 
production potential that these unrequired regions represent. 
Given the production patterns of 1953 and normal yields of 
1954 (see Tables 2 and 3), these regions represent a surplus 
production of 142, 453, 165, 18, and 10 million bushels of 
wheat, corn, oats, barley and grain sorghums, respectively. 
These figures indicate the size resource adjustments in grain 
production necessary to balance production and demand in terms 
of Model la. 
High production costs due to small farm units and rela­
tively high per acre machinery inventories are the apparent 
reasons that grain production in Northwestern New York, North­
eastern Ohio, and Southern Michigan are not prescribed by the 
solution to Model la. In these areas, the high production 
costs more than offset the high wheat yields as compared to 
the Plains States. In the South, too, high production costs 
prevent the regions in this area from being in the solution. 
Even though yields in the South are not as high as in the 
Northeast, they are, in numerous cases, higher than yields in 
the Plains States. While overinvestment in farm machinery is 
a partial explanation for the high production cost in the 
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Northeast, the converse appears to be true for the Southeast 
where considerable non-mechanical production methods are yet 
used. In southwestern areas such as Southern Colorado and 
Eastern New Mexico, high yield variability due to frequent 
crop failures apparently accounts for the absence of these 
areas in the solution to Model la (see Table 21, regions 95, 
96 and 9?). 
Only regional differences in historical yields and pro­
duction costs are taken into account in Model la. The advan­
tage that certain areas have in respect to nearness to the 
market is not considered (i.e., transport costs are assumed 
to be zero). An attempt was made to investigate the possible 
effects of locational advantages by Model III which is pre­
sented subsequently. 
A general economic interpretation of grain and land 
prices (rents) given by the dual solution to the programming 
problem was given in Section II B. Following, this economic 
interpretation is related to the dual solution for Model 2. 
The grain price obtained by the dual solution is the cost 
of producing a bushel of grain in the highest cost region 
producing the grain in the final solution. The cost is a 
"real cost" if the highest cost region is marginal (i.e.., 
part of the available land is unused; see Figure IB) or an 
"opportunity cost" if the highest cost region is not marginal 
(see Figure 1A)• Specifically, the price of feed grain, 77 
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cents, obtained for Model la is due to region 2. Region 2 is 
a marginal region, hence, 77 cents is the cost of producing 
feed grain in this region. On the other hand, the price of 
wheat, 97 cents, is an "opportunity cost" price and is due 
to wheat production in region 36. To explain: given the 
price of feed grain (77 cents), and with the price of wheat 
at 97 cents, wheat or feed grain production gives the same net 
return (rent) per acre in region 36. These net returns are 
obtained by multiplying the difference between price and cost 
per bushel by the yield; specifically, 27.6 ($.97 - #.79) = 
§4.97 for wheat and 38.3 (§.77 - $.64) = $14.98 for corn.* 
A similar computation shows that for marginal region 2 
the equilibrium rent** is zero for feed grain and for wheat 
it is negative. 
The equilibrium rents for each activity in each region 
can be obtained by performing computations like those above. 
As is expected, the results of these computations show that 
only the activities in the final program have positive rents. 
The equilibrium rents for the activities in the final program 
*This small difference is due to rounding. 
**Hereafter, these rents obtained by the dual solution 
will be referred to as equilibrium rents to avoid confusion 
with the computed land rents given in Table 24. Some may 
prefer to call them imputed rents, which, certainly, they are 
in a sense. However, for the models of this study, these 
rents are based on a set of unique grain prices. 
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for Model la are presented in Table 10. (These rents are due 
to either a wheat activity or a feed grain activity in each 
region except for region 36 as noted above. Table 9 indicates 
the specific activities that produce the regional rents listed 
in Table 10) • 
Estimated regional rents for grain land (from Table 24) 
are also presented in Table 10 to permit comparisons. A com­
parison of these rents by regions shows that approximately 
three-fourths of equilibrium rents are below the estimated 
rents. It is easy to think of numerous possible reasons for 
these differences. Some of these are: 
Some indirect costs such as management, buildings end gen. 
eral farm operation were not included in the activity costs. 
If they had been, the equilibrium grain prices would have been 
higher, and consequently the equilibrium rents. 
Transport costs, too, were not included in the activity 
costs. The inclusion of transport costs would tend to reduce 
the equilibrium rents for regions some distance from the mar­
ket. 
Equilibrium grain prices which are the basis for deriv­
ing equilibrium rents are below the recent average prices of 
wheat and corn (110). Hence, the estimated land rents are 
expected to be higher than the equilibrium rents, in general. 
Other factors such as residential demand, productive 
activities other than grain crops and institutions are also a 
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Table 10. Estimated rents and equilibrium rents, by regions, 
Model la solution 
Equi- Equi-
Estimated librium Estimated librium 
Region rent£ rentb Region rent8- rent'3 
(dollars per acre) (dollars per acre) 
2 8.81 0.00 52 1.69 1.07 
3 5.59 3.88 53 1.59 0.00 
4 7.03 2.19 54 2.12 0.47 
25 7.12 4.85 55 1.28 2.08 
26 5.38 1.29 56 2.23 3.30 
28 12. 50 6.61 57 3.68 1.23 
29 4.60 1.20 58 2.14 2.92 
30 7.14 8.81 59 4.08 7.06 
31 11.99 10.77 60 7.65 9.62 
32 10.62 9.59 61 2.66 5.30 
36 10.30 4.98 62 3.71 2.62 
37 14.70 13.33 63 4.20 2.70 
38 18.70 19.10 64 3.95 4.40 
39 4.97 6.89 65 7.41 7.88 
40 5.31 2.80 66 5.62 2.54 
41 7.03 1.51 69 5.07 0.22 
43 6.66 7.31 70 3.55 1.32 
44 8.03 8.63 71 5.22 1.76 
45 13.01 12.25 72 7.07 3.88 
46 9.55 11.47 73 4.21 3 o 32 
47 6.69 2.49 74 3.81 3.88 
48 6.46 6.85 76 5.16 3.14 
49 2.92 1.18 77 3.75 0.35 
50 4.06 1.47 79 4.43 2.50 
51 2.13 1.69 80 4.98 6.89 
^Estimated from land values, and interest and tax rates, 
see Section X A. 
kGiven by the dual solution to the minimum-cost problem. 
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61 3.68 1.75 100 6-14 5.44 
82 4.07 1.68 101 4.26 5.46 
85 5.52 1.02 102 2.73 2.58 
84 5.00 0.11 105 11.51 2.02 
88 5.40 3.85 104 7.60 3.32 
89 1.60 2.74 
90 2.76 1.80 
92 1.51 1.05 
94 2.38 1.27 
98 4.08 1.97 
part of the total complex that influences land values. It 
is, however, interesting to note that the r% (the simple 
coefficient of determination) for the estimated rents and 
the equilibrium rents is 0.57. This fact indicates that 
land values in the programming regions are related to land 
productivity (yield) and the cost of grain production. 
B. Model lb 
For Model lb, the price of land was treated as an exo­
genous variable (i.e., determined by factors outside the 
grain economy) rather than as an endogenous variable, the 
assumption for Model la. 
In reality, the level of land prices in the Western 
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States and possibly the Corn Belt is probably due to the 
demand for grain for the most part. Hence, it is reasonable 
to consider land prices as an endogenous variable in these 
areas. On the other hand, in the East, South and the West 
Coast, other enterprises such as dairy, fruits, tobacco etc., 
"compete" for the use of land. (See Section II C.) However, 
given these two possibilities, the results of the two models 
together should give a clearer picture of the grain resource 
adjustment problem in terms of the least-cost criterion than 
either alone. The land charges added to the activity costs 
for Model lb are those presented in Table 24, as noted pre­
viously. 
The producing regions, acreage utilized and regional 
grain production specified by the solution to Model lb are 
presented in Table 11. Also, the geographic location of these 
regions in the United States is shown in Figure 4. A compari­
son between Figures 5 and 4, when related to Figure 2, shows 
that the inclusion of land costs in the activity cost coeffi­
cients has resulted in the following: The displacement of 
feed grain production in regions 2, 36, 82 and 84 by feed 
grain production in 53 and 73. The displaced wheat production 
in regions 53 and 73, together with the wheat production in 
regions 77 and 103, has been replaced by production in regions 
35, 36, 42, 91 and 93. No simple explanation can be given 
for- these changes, other than to say that the changes provide 
Ill 
Table 11. Producing regions, acreage utilized and 
production, Model lb solution 
Wheat Feed grains-
Region Acres (bushels) (bushels) 
(in thousands) 
5 445 —  —  19,189 
4 298 —  —  13,075 
25 574 —  —  27,833 
26 412 17,770 
28 4,935 — 233,287 
29 757 30,303 
30 1,902 ™  —  72,903 
31 4,760 222,916 
32 996 43,444 
35 993 20,494 
36 2,297 62,619 
37 7,754 — —  356,616 
38 4,841 —  —  231,170 
39 1,133 — 39,025 
40 1,013 31,522 
42 390^ 7,673 
43 • 4,795 — —  175,339 
44 4,263 153,258 
45 10,879 — —  403,933 
46 4,107 
—- 157,062 
47 2,711 84,314 
48 2,561 — 73,085 
49 1,304 — — 30,795 
50 4,827 —  —  89,054 
51 7,898 111,446 
52 2,790 37,225 
53 5,016 — —  73,438 
54 1,076 — —  17,072 
55 2,101 31,183 
56 4,155 
— — 68,643 
^Expressed in corn-equivalent bushels, 
kpart of maximum grain acreage. 
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Table 11. (Continued) 
Wheat Feed grain 
Region Acres (bushels) (bushels) 
57 1,404 — 28,884 
58 1,013 — 17,430 
59 3,624 — 94,739 
60 3,874 — 113,009 
61 441 5,667 
62 4,282 42,692 
63 1,990 — 53,852 
64 2,509 28,104 
65 4,718 — 148,799 
66 1,220 — 31,070 
69 1,119 19,470 
70 1,792 19,394 
71 1,371 18,212 
72 2 , 736 37,517 
73 7,664 64,187 14,277 
74 5,114 — 82,645 
76 2,739 35,469 
79 2,025 20,898 
80 2,881 — 76,305 
81 1,954 14,561 
83 369 3,063 
88 610 — 12,359 
89 5,493 52,008 
90 3,833 34,035 
91 611 3,979 
92 692 7,086 
93 830 7,240 
94 4,293 29,969 
98 1,750 22,569 
100 4,685 79,077 
101 2,785 35,147 
102 544 6,316 
104 1,015 — 30,643 
Total 174,964 677,510 3,548,912 
Figure 4. Specified locations for wheat and feed grain 
production and surplus grain areas, Model lb 
solution 
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for a minimum total production cost in terms of Model lb, or 
than estimated land cost per bushel is relatively higher in 
the excluded regions (i .e_., regions 2, 41, 77, 82, 84, and 
105). 
As can be seen by comparing Figures 3 and 4, and implied 
by the above discussion, the optimum grain production loca­
tion for Model lb is not much different tnan that for Model 
la. The regions that "go out of production", 2, 41, 77, 82, 
84, and 103, are located, respectively, in Eastern Pennsyl­
vania and Northern New Jersey, Southeastern Missouri, the Pan­
handle of Oklahoma, Western Texas, Westcentral Texas and 
Northeentrai California. The regions that "come into produc­
tion", 36, 42, 91, and 95, are located, respectively, in 
Central Wisconsin, Southwestern Missouri, Southeastern Mon­
tana and Eastern Wyoming. 
The total grainland in 41 regions and part of the grain-
land in region 42 are not required to fulfill the assumed 
food wheat and feed grain requirements by the solution to 
Model la (cf.. Figures 2 and 4) . These unrequired regions 
represent, in terms of 1954 yields and 1955 production pat­
terns (see Tables 2 and 3), a surplus production potential 
of 148, 446, 128, 24, and 3 million bushels of wheat, corn, 
oats, barley and grain sorghums, respectively. The "unused" 
acres in these 42 regions are 34,651 thousand. Thus, the 
required grain production is concentrated on fewer acres than 
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for Model la. The use of relatively higher wheat yield re­
gions by the solution (especially 35, 36 and 42.) explains this 
fact. 
The dual (price) solution to Model lb shows that the 
equilibrium prices for wheat and feed grain are #1.25 and 
$.95, respectively. The inclusion of land rents in the activ­
ity costs has, therefore, increased the prices of wheat and 
feed grains by 28 and 16 cents per bushel, respectively, as 
compared to Model la. 
The equilibrium rents obtained by the dual solution are 
presented in Table 12. No exact interpretation can be given 
to these values since estimated land rents were included in 
the activity costs; other than to say they are residual or 
imputed rents for the limited factor, land. It should be 
noted, however, that the variance of the equilibrium rent has 
been reduced with the inclusion of a land charge in the activ­
ity costs. The respective variances of the equilibrium rents 
are 14.0 and 6.2 for Models la and lb. This result is ex­
pected since in regions of high yields relative to cost, the 
relatively high net returns tend to be capitalized into rela­
tively higher land values. (See Table 24, regions 37 and 
38.) Hence, the addition of a land cost to other productive 
costs tends to level out the per bushel costs between regions. 
In summary, the inclusion of estimated land cost (in a 
rough opportunity cost sense) affects the minimum cost produc-
11? 
Table 12. Equilibrium rents, Model lb solution 
Region Dollars per acrea Region Dollars per acrea 
3 5.41 63 3.12 
4 2.44 64 3.59 
25 5.60 65 5.85 
26 2.83 66 1.16 
28 1.68 69 0 
29 3.02 70 0.75 
30 7.88 71 0.13 
31 6.34 72 0.69 
32 6.34 73 1.78 
36 0.97 74 2.84 
37 6.23 76 1.56 
38 8.38 79 0.93 
39 7.42 80 6.24 
40 2.66 81 0.08 
42 0 83 0 
43 6.78 88 1.73 
44 6.30 89 3.37 
45 5.40 90 1.51 
46 8.24 91 0.52 
47 1.10 92 2.36 
48 5.01 93 0.26 
49 2.25 94 0.35 
50 0.47 98 1.55 
51 1.7? 100 4.05 
52 1.54 101 4.80 
53 0.81 102 3.14 









aGiven by the dual solution to the minimum-cost problem. 
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tion location of wheat and feed grains very little. Hence, 
in terms of Models la and lb, other factors such as produc­
tion technology, size of farm, and topography necessary for 
large scale enterprises seem to have greater influence in 
determining optimum production location of wheat and feed 
grains. 
C. Model II 
As noted previously in Section II D 3, it is of tech­
nological interest to determine where wheat and feed grains 
would be produced if small grains are not necessary in the 
rotation for the production of corn- Although this may not 
be technically possible at the present time, it is of "aca­
demic" interest for predicting future trends in production. 
The solution to Model II indicates the consequence of such a 
technological change. 
The producing regions, acreages utilized and regional 
grain production obtained as a solution for Model II are 
presented in Table.13. The geographic locations of these 
regions in the United States and the grains produced in each 
are shown in Figure 5. 
Since all grains are "independent" in this problem, it 
is not surprising that the solution indicates, in general, 
that corn is concentrated in the western part of the Corn 
Belt, while wheat is concentrated in the Plains States and 
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Table 13. Producing regions, acreage utilized and 
production, Model II solution 
Grain 
Wheat Corn Barley8, sorghums8-
Region Acres (bushels) (bushels) (bushels) (bushels) 
(in thousands) 
30 1,901 75,600 
31 4,760 — —  264,562 — —  — —  
32 996 — —  55,826 —  —  
56 2,297 21,472 88,528 — —  —  —  
37 7,754 
— —  464,324 
38 4,841 275,705 
39 1,133 40,905 —  —  —* 
43 4,795 — —  205,113 — —  
44 4,263 —  196,652 —  —  
45. 10,879 545,036 
— —  
46 . 4,107 210,991 
47 2,711 —  —  129,180 — —  mm — 
48 2,560 —  —  101,049 mm •e mm 
51 7,898 63,108 —  — »  •  —• — 
52 2,790 19,589 — 
— —  
55 2,101 17,020 
56 4,155 — —  92,416 — —  — mtm 
58 1,013 — —  21,897 mm —  mmmtam 
59 3,624 — —1 132,320 — — mmm 
60 3,874 — 150,826 
61 441 5,667 
62 4,282 42,692 — — — —  
64 2,509 28,104 — —  —  —  
65 4,718. —  —  174,700 — ——• — — 
66 923d 29,115 
70 1,792 19,394 
71 1,371 18,212 —  —  —  —  — «  —  
72 2,735 37,617 — —  
73 7,664 72,120 — —  —  —  —  —  
74 5,114 37,436 — — — — 
^-Expressed in corn-equivalent bushels. 
bPart of maximum grain acreage. 
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76 2,739 35,458 
79 2,025 20,898 —  —  — —- —  —  
80 2,881 —— — —  — —  78,148 
81 1,955 14,561 — ^  —  
83 369 3,063 — — 
88 610 14,176 
89 6,493 —— — — 151,806 —  —  
90 3,832 34,035 — —  — 
92 692 7,086 —— —— — —  
94 4,293 29,864 — —  
98 1,750 22,568 
100 4,685 79,077 ——  — —  
101 2,785 35,147 — — —— 
102 544 6,316 — — —  — —  
103 554 6,896 — 
104 1,015 — —  — — — 49,954 
Total 147,223 677,512 3,254,745 151,806 142,278 
the Pacific Northwest. Also, the production of grain sorghums 
is specified in the Panhandle and Southeastern parts of Texas 
and Southcentral California. However, it is surprising that 
no grain production is designated for the Red River Valley, 
and Southern and Southwestern North Dakota. No grain produc­
tion indicated in Figure 5 for the Panhandle of Oklahoma was 
also obtained in the solution for Model lb. Apparent high, 
yield variability due to frequent crop failures (see Table 
21, region 77) is an explanation for this latter phenomenon. 
Figure 5. Specified locations for wheat, corn, barley, and 
grain sorghum production, and surplus grgin areas, 
Model II solution 
CORN 
WHEAT FOR FOOD 
CORN AND WHEAT 






It can be reasoned that corn production in Ohio and the 
Eastern part of Pennsylvania and the programming regions of 
New Jersey, Delaware, and Maryland are not specified due to 
relatively high production costs. 
Fifty-eight whole regions and part of region 66 are not 
required for grain production in terms of Model II. These 
59 regions would "release" 62,392 thousand acres of grain-
land. Furthermore, these unrequired regions represent a 
contraction in grain production of 308, 780, 306, 62 and 35 
million bushels of wheat, corn, oats, barley and grain sor­
ghums, respectively (based on acreages and yields given in 
Tables 2 and 3) . 
The significance of Model II is that the quantity of 
resources used for wheat and feed grain production could be 
considerably reduced if techniques can be devised to reduce 
the need for low yielding small grains in crop rotations 
with no reduction in corn yields. There is no reason to 
believe that this objective cannot be achieved. This reduc­
tion in the quantity of land (i.e., 62,392 thousand acres) 
required for the production of grains simply means, as men­
tioned before, that the released land is available for other 
crop production, or for recreational purposes if society 
places a higher value on this product. 
The dual solution for Model II shows that the equilibrium 
prices for feed grain and wheat are 53 and 90 cents, respec­
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tively. The regional equilibrium rents are shown in Table 14. 
The estimated land rents (from Table 24) are also presented 
in this table to permit comparisons. For only five regions 
(59, 60, 61, 89 and 101) are the equilibrium rents above the 
estimated rents. The fundamental cause of the low equilib­
rium rents is the small differences in the production costs 
of activities in the solution to Model II. The r~' for these 
estimate rents and the equilibrium rents is 0.59. 
D. Model III 
Only the results showing the relative competitive posi­
tions of the programming regions in terms of production cost, 
given various technical assumptions, have been presented up 
to this point. Nothing was incorporated in the three other 
models to determine how the production location relative to 
the market affects the competitive positions of the regions. 
Therefore, Model III, using estimated regional prices for the 
grains and the objective of maximum profit was constructed 
to determine how regional price differentials affect produc­
tion location when demands are fixed. It was shown in Sec­
tion II D 4 that if wheat and feed grain prices differ only 
by transport costs, then, this model will give a solution 
identical to a total production and transport cost model. 
The producing regions, acreages used and regional wheat 
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Table 14. Estimated rents and equilibrium rents, Model II 
solution 
Equi- Equi-
Estimated librium Estimated librium 
Region rent8- rente Region rent8- rent13 
(dollars per acre) 
50 7.14 1.99 
31 11.99 4.45 
52 10.62 5.60 
36 10.30 3.02 
37 14.70 10.18 
38 18.70 13.67 
39 4.97 0.36 
43 6-66 2.57 
44 8-03 4.61 
45 13-01 9.02 
46 9.55 7.71 
47 6.69 1.91 
48 6.46 3.16 
51 2.13 0.65 
52 1.69 0.50 
55 1.28 1.14 
56 2-23 1.11 
58 2-14 0.86 
59 4.08 4.38 
60 7.65 7.79 
61 2.66 4.38 
62 3.71 1.90 
64 3.95 5.60 
65 7.41 3.70 
66 5.62 0 
(dollars per acre) 
70 3. 55 0 .55 
71 5.22 0.81 
72 7.07 2.90 
73 4.21 2.64 
74 3.81 2.72 
76 5.16 2.22 
79 4.43 1.77 
80 4.98 1.63 
81 3.68 1.20 
83 3.32 0.42 
88 5.40 2.79 
89 1.60 4.21 
90 2.76 1.16 
92 1.51 0.32 
94 2.88 0.78 
98 2.40 1.04 
100 6.14 4.24 
101 4.26 4.56 
102 2.73 1.75 
103 11.61 1.13 
104 7.60 6.40 
^Estimated from land values, and interest and tax rates. 
Given by the dual solution to the minimum-cost problem. 
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and feed grain production specified by the solution for Model 
III are presented in Table 15. The geographic location of 
these producing regions is shown in Figure 6. 
A comparison of Tables 9 and 15, or Figures 3 and 6 
when related to Figure 2, reveals that the maximum profit 
solution differs significantly from the minimum cost solu­
tion.* The major differences are as follows: (a) Feed grain 
is specified in regions 5, 23, and 99 by the solution to 
Model III. In these regions no feed grain production is 
specified by the solution to Model la. (b) Wheat replaces 
feed grain in regions 36, 47, 49, 50, 51, 52, 54, 55, and 
56. (c) Wheat is replaced by feed grain in regions 77 and 
90- (d) Wheat production is earmarked for feed in regions 
61, 62, 89, 92, 98, 100, 101, 102, and 103, rather than for 
food. Notice that the Model III solution is the only one of 
the four in which feed wheat production is specified. 
High wheat prices relative to corn in regions 36, 47, 
49, 50, 51, 52, 54, and 55 are the reasons for the shifts to 
wheat production in these regions. High wheat prices in 
these regions which are located in Wisconsin, Minnesota, 
*Recall that the sole difference between Models la and 
III is in the objective criterion of the models. The objec­
tive for Model la is minimum total cost, while the objective 
for Model III is maximum total profit, given regional prices. 
This is the reason for making the comparisons that follow. 
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Table 15. Producing regions, acreage utilized and 












2 2,480 97,567 
3 445 — —  —  19,189 
4 298 — —  —  —  13,075 
5 208 —  —  —  —  7,434 
16 91 2,087 
— 
23 231% 7,402 
25 574 —  —  — —  27,833 
26 411 —  —  — —  17,770 
27 1,067 —  — 41,137 
28 4,935 — 233,287 
29 757 30,303 
30 1,901 —  —  — — 72,903 
31 4,760 — — — —  222,916 
32 996 —  —  — —  43,444 
35 2,297 62,620 — — 
37 7,754 356,616 
38 4,841 —  —  — —  231,170 
39 1,133 —  —  — —  39,026 
40 1,013 31,522 
41 693 20,970 
43 4,795 175,339 
44 4,265 —  —  —  —  153,258 
45 10,879 —  —  —  —  403,933 
46 4,107 —  —  — 157,062 
47 2,711 46,006 —  —  
— — 
48 2,561 73,085 
49 1,304 18,955 «— — 
50 4,827 44,165 •W 
51 7,898 63,108 —  —• —* mm 
52 2,790 19,589 
^Expressed in corn-equivalent bushels. 
bPart of maximum grain acreage. 
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53 5,016 37,722 
54 1,076 8,509 —  —  — —  
55 2,101 17,018 — —  —  —  
56 4,155 37,519 — —  —  —  
58 1,013 17,430 
59 3,624 94 , 739 
60 3,874 —  —  113,009 
61 441 — —  6,351 —  —  
62 4,282 21,340 23,922 —  —  
63 1,990 — —  53,854 
64 2,509 28,104 
65 4,718 —  —  — —  148,802 
66 1,220 —* — — —  31,069 
69 1,119 19,470 —  —  —  —  
70 1,792 19,394 — —  
71 1,371 18,212 
72 2,736 37,617 — —  — — 
75 7,664 72,121 — —  — —' 
74 5,114 —  —  mm — 82,649 
76 2,739 35,470 — —  
— 
77 2,912 35,114 
79 2,025 20,898 —  —  
80 2,881 —  —  — 76,302 
81 1,955 14,561 mm —i 
82 1,176 — — 16,449 
83 369 3,063 
84 98 —» — —  —  1,088 
88 610 —  —  12,359 
89 6,493 — 58,307 — — 
90 3,833 
— 76,116 
92 692 7,944 
94 4,293 29,967 —  —  —^  — 
98 1,750 — 25,300 —  —  
99 .519 — —  —  18,315 
100 4,685 — 88,681 — — 
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North Dakota, and South Dakota are apparently due to their 
nearness to the points of effective demand - the milling 
centers and Great Lakes. Also, these prices reflect the 
higher prices paid for hard red spring and durum wheat which 
are produced in these regions. 
The specified wheat for feed production in the Western 
regions (61, 62, 89, 92, 98, 100, 101, 102, and 103) can be 
explained by the high corn prices in these regions. The 
estimated normal price of corn is highest in Idaho where it 
exceeds the price of wheat. 
Though there is a considerable difference in the loca-
tional pattern of wheat and feed grain production specified 
by the solution to Model III as compared to Model la, a com­
parison of Figures 2 and 6 shows that most of the same regions 
are specified in both solutions. In fact, only five regions 
specified for production by the solution to Model III are not 
Figure 6. Specified locations for wheat and feed grain 
production and surplus grain areas, Model III 
solution 
IMI FEED GRAINS 
 ^ WHEAT FOR FOOD 
EH FEED GRAINS, PART OF 
MAXIMUM ACREAGE 
ESI WHEAT FOR FEED 
W WHEAT FOR FEED AND 
WHEAT FOR FOOD 
ED • NO PRODUCTION 
132 
designated for production by the solution to Model la. Con­
versely, only one region in the solution to Model III is not 
in the solution to Model la. Hence, four more regions are 
required to fulfill the wheat and feed grain requirements for 
Model III than for Model la. Aside from the degree of simi­
larity of the solutions to Model la and III, the number of 
regions specified by the solutions is incidental to this 
study. The important thing is the location of the regions 
"going out of production". It is in these regions that the 
grain production-adjustments should take place given the 
assumptions of the models. 
Due to the similarity between the solutions to Models 
la and III only the "new" producing regions will be noted. 
The five %additional" regions required for production by the 
solution to Model III are located in Eastern Virginia, North­
eastern Ohio, Western Kentucky, Southern Alabama and North-
central Utah. The one region in the solution to Model la and 
not in the" solution to Model III is located in Northeastern 
South Dakota-
Thirty-five whole regions and part of region 23 are not 
required to fulfill the wheat and feed grain requirements in 
terms of Model III. Figure 6 shows the geographic location 
of these unrequired regions. These 36 regions represent 
28,853 thousand grain acres that could be diverted to other 
uses. Moreover, these acres in terms of 1953 acreages and IS54 
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normal yields (see Tables 2 and 5) represent grain surplus 
potentials of 109, 334, 157, 13 and 10 million bushels of 
wheat, corn, oats, barley and grain sorghums, respectively. 
The equilibrium prices (or shadow prices, as they are 
sometimes called) were also obtained by the dual solution to 
the maximum profit problem; however, the interpretation of 
these prices is somewhat different than that for the minimum 
cost problem. Specifically, the dual solution for Model III 
shows that the prices for wheat and feed grain are 85.5 and 
74 cents per bushel, respectively. If 85.5 cents is sub­
tracted from the estimated regional wheat prices and 74 cents 
is subtracted from the estimated regional corn prices (Table 
6) and then the per acre net returns computed for each activ­
ity in the solution to Model III (net return equals the price 
minus the cost per bushel multiplied by the yield), these net 
returns are equal to the equilibrium rents derived by the dual 
solution. 
The feed grain price of 74 cents is equal to the per 
bushel net return for feed grain production in region 23. 
Thus, if 74 cents is subtracted from #1.62 (the price of corn 
in region 23), the difference is equal to the per bushel pro­
duction cost which is 88 cents in this region. Hence, the 
equilibrium rent is zero in region 23. This zero rent is 
analogous to the zero equilibrium rent for region 2 in the 
solution to Model la. The price of 85.5 cents for wheat is, 
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on the other hand, an opportunity-cost price. This price is 
due to both wheat for food and wheat for feed production being 
specified for region 62. If 85.5 cents is subtracted from 
the estimated wheat price, Si.79, for region 62 and 74 cents 
is subtracted from the estimated corn price, $1.57, for this 
region, the net returns per acre for these activities are 
equal. This equal rent for two activities in region 62 is 
analogous to the situation for region 36 in the solution to 
Model la. 
A regional comparison of the two rents given in Table 16 
shows that the equilibrium rents are higher than the estimated 
rents for more than one-fourth of the regions. The coefficient 
of determination (r^) between these rents is 0.49. Aside from 
errors of measurement and transport costs, the possible 
reasons for the relationship not being closer to one (1.0) 
stated in the discussion of Model la also apply here. 
As noted above, Model III represents an attempt to spec­
ify the minimum cost location of wheat and feed grain produc­
tion when transport costs are added to the activity produc­
tion costs. It was assumed that: (a) regional price dif­
ferentials were adequate to cover the transport costs exist­
ing in the market and (b) the programmed quantities would be 
absorbed in the regional markets at the estimated prices. 
Further analysis is required to determine if these assumptions 
are realistic. 
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1.59 0.93 





























^Estimates from land values, and interest and tax rates. 
DGiven by the dual solution to the minimum-cost problem. 
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Table 16. (Continued) 
Equi-
Estimated librium 




92 1.51 1.49 101 4.25 8.63 
94 2.88 1.22 102 2.73 5.86 
98 4.08 4.77 103 11.61 6.00 
99 3.77 8.12 104 7.60 14.79 
100 6.14 8.90 
E. Some Comparisons of Model Results 
There is a high degree of similarity between the results 
of the four programming models. Figure 7 which shows the 
number of times areas are specified for production by the 
model solutions graphically illustrates this point. More­
over, the similarity is even greater for Model la, lb and 
III. To explain: The programming regions (designated by 
the legend "three" in Figure 7) in the following states are 
specified for grain production in each of the solutions to 
Models la, lb and III: California, North Dakota, Minnesota, 
Nebraska, Kansas, Indiana, Ohio, New Jersey, Maryland and 
Delaware. Also, note in Figure 7, the programming regions 
in the following states or areas that are not specified in 
any (zero areas) of the model solutions: New York, Michigan, 
Kansas, Oklahoma, Texas, Colorado, New Mexico and most of 
the South. 
Figure 7. Number of times designated area is specified for 







There are 28 programming regions in the "zero" areas 
shown in Figure 7. Given the acreages and yields shown in 
Tables 2 and 3, the grain "surpluses" produced in these 28 
regions are 86, 307, 92, 6 and 9 million bushels of wheat, 
corn, oats, barley and grain sorghums, respectively. 
Given the assumptions of this study, we can say with 
some certainty that these "zero" regions should be diverted 
to enterprises other tnan grain production. But this fact 
should not be overlooked: if resources were reorganized and 
new techniques employed in the "zero" regions, they might 
become part of the minimum cost (or maximum profit) set of 
regions. 
Estimates of total cost, average per bushel cost, total 
unused acreage and total acreage required to produce 677.5 
million bushels of food wheat and 3,548.9 million corn-
equivalent bushels of feed grain for the four model solutions 
are presented in Table 17. The similarity of the solutions 
to Mjdels la, lb and III noted above for production location 
is also evident in the acreage and cost data presented in 
Table 17. It might be reasoned that this similarity is due 
to lack of real differences in the three models. However, 
recall that a land charge was added to the activity cost for 
Model lb; and for Model III, the objective criterion is 
maximum profit (net return). These differences in the models 
do affect the specified production location of a particular 
Table 17. Summary of specified data for model solutions 
















( in thousands) (dollars, in thousands) collars) 
la 63,661 114,003 31,951 491,239 1,921,483 0.73 0.54 
lb 58,357 116,607 34,651 510,991 1,906,906 0.75 0.54 
II 65,712 81,511 62,392 479, 764 1,601,875 0.71 0.45 
III 67,121 113,639e 28,855 544,775 1,935,672 0.80 0.55 
aThese costs include labor, power and machinery, chemicals end miscellaneous 
items, see Section II D for definitions. 
%The estimated grain acreage in all regions is 209,615 thousand acres, from 
Table 2. 
°Total wheat production is 677.5 million bushels. 
dTotal feed grain production is 3,548.9 million corn-equivalent bushels. 
eFeed wheat acreage is included in this value. 
grain (i.e., wheat production is specified for a particular 
region for one model and feed grain for this same region for 
another). These differences were specifically noted earlier. 
But perhaps the significant thing about this similarity is 
that grain production is always designated for a particular 
region (i.e., a region has a relatively good advantage in 
grain production regardless of the assumed structure of the 
grain economy). 
Since the number of acres required for the production 
of grain crops is incidental to this study, only a few com­
ments attempting to explain the acreage differences (Table 
17) for the model solutions will be made. 
The simplest explanation for the acreage differences 
is: the average grain yields for the set of activities* in 
the solution to a model are either higher or lower than the 
set used in another model. This is true because the total 
acreage produces the same quantity of wheat or feed grain. 
To be more specific: The solution to Model lb requires 
fewer wheat acres (58,557 million) than Model la (63,661 mil­
lion) to produce 677.5 million bushels of food wheat because 
regions (wheat activities) with higher yields on the average 
were "selected". These higher average yields (in total) are 
*The quantities produced in each region are ignored here 
because except for two regions the quantities produced are 
the maximum quantities that can be produced. 
142 
due primarily to regions 35 and 36 in Wisconsin that replace 
low wheat yield acres in region 79 (Panhandle of Oklahoma) 
and region 53 (North Dakota)- The general reason for the 
substitution of producing regions is: given the addition of 
estimated annual land rents to the activity costs for Model 
lb, the activities and their levels selected for wheat and 
feed grain production are the minimum total cost set for the 
production of both wheat and feed grain; not for wheat or 
feed grain individually. It might be well to attempt to ex­
plain this statement. 
It would be quite simple without programming the activ­
ities to find a set of activities and their maximum levels 
(out of all possible activities) that would produce the re­
quired quantities of wheat at lower total cost than the set 
specified in the solution to either Model la or Model lb. 
This could be done, first, by arraying the per bushel produc­
tion costs for tne wheat activities from lowest to highest, 
then "filling" tne wheat requirements out of the lowest cost 
set. But, if this were done, the grainland in certain regions 
specified for feed grain production in a programming solution 
would be used for wheat production by the above procedure. 
Consequently, the production of feed grain would have to be. 
shifted to regions other than those already allocated to 
wheat. However, if this shift were made, the total cost of 
producing the required quantities of wheat and feed grain 
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would be higher than the total cost obtained by programming. 
(For Model III maximum-profit would be substituted for 
minimum-cost as the objective.) The same procedure could be 
followed by starting with feed grain and the total cost would 
still be higher. 
The preceding discussion means that wheat and feed grain 
are interdependent in the models. This interdependence is 
basic to the analysis and was discussed in Section I S. 
Since minimum total cost was the objective criterion for 
Models la, lb, and II, first, cost comparisons will be made 
for these models, then„ the maximum total profit Model (III) 
will be discussed in terms of cost. 
The total direct* cost (Table 17) required to produce 
both the food wheat and feed grain requirements is the lowest 
for Model II, as was expected when the model was formulated. 
The total cost for producing 677.5 million bushels of food 
wheat is 480 million dollars for this model. Therefore, the 
average per bushel cost is 71 cents. Also, the total cost 
for producing 3,548.9 million bushels of feed grain is 1,602 
million dollars for Model II, and the average cost per bushel 
is 45 cents. These lower costs are, of course, due to the 
structure of the model. To explain: Each feed grain is an 
•""The term direct cost as used here includes labor, power 
and machinery, chemicals and miscellaneous items. See Sec­
tion III D for definitions. All the discussions that follow 
are for this direct cost. 
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independent activity (not part of a rotation) in Model II. 
With this independence, most of the feed grain specified in 
the model solution is corn, since corn is a lower cost per 
unit feed grain crop than either oats, barley or grain sor­
ghums in most regions. Also, since corn is a higher yield 
feed grain crop in most regions, it requires fewer acres to 
fulfill the feed grain requirement. 
Notice (Table 17) that for Model II more food wheat acres 
are required than for either Models la and lb. But, these 
are lower per unit cost acres, on the average. We note again 
that the wheat and feed grain activities in the model solu­
tion are selected "simultaneously11 by programming and not 
first all one then the other as might be implied here. 
The total cost of producing 677.5 million bushels of 
wheat is next lowest for Model la. This total cost Is 491 
million dollars. The average per bushel cost is 73 cents. 
On the other hand, the next lowest cost (i.e., 1,907 million 
dollars, Table 17) for producing 3,548.9 million bushels of 
feed grains is that for Model lb. The total cost of produc­
ing both wheat and feed grain requirements is higher for 
Model lb than for Model la (i-e_. , 2,418 million dollars com­
pared to 2,413 million dollars) even though the cost of pro­
ducing the feed grain requirements is less for Model lb. The 
higher total cost for Model lb can be explained (crudely) as 
follws: An estimated land rent was included in the activity 
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costs* for Model lb but not for Model la, which is the only 
difference in these models. Hence, the total cost figures 
for Model lb could not be less than that for Model la. How­
ever, it could be equal if the addition of land rent to the 
activity costs would not change the "relative cost complex" 
of the activities; an unlikely possibility. In summary, 
then, the total cost (of both wheat and feed grain production) 
for Model la represents an acreage "mix" with the lowest 
direct cost, while the solution total cost for Model lb rep­
resents an acreage mix with higher direct cost but lower in­
direct cost (land rent). 
Model III (using the criterion of maximum profit) gives 
a solution with the highest total cost of all models to pro­
duce the wheat and feed grain requirements. That is: a total 
cost of 1,936 million dollars for producing 3,548.9 million 
bushels** of feed grain and 545 million dollars for producing 
677.5 million bushels of food wheat (Table 17). The per 
bushel costs of producing wheat and feed grain are 80 and 55 
cents, respectively. 
In general, these higher costs can be explained as fol-
*This land rent is not included in the cost shown in 
Table 17 as noted before. 
**This quantity includes feed wheat as well as corn, oats, 
barley and grain sorghums, see Table 15. 
146 
lows : Given the activity prices assumed for this model, some 
relatively high cost activities represent regions where the 
price of wheat or feed grain (corn) is relatively higher. 
Therefore, these are relatively higher profit activities. 
Consequently, they are part of the solution set of activities 
for Model III. For example, certain regional wheat activity 
costs in North Dakota, South Dakota and Minnesota are rela­
tively high in these states. Hence, these activities are 
in the solution set of Model III. Likewise in the West, feed 
grain production is specified because the price is high rela­
tive to cost. 
The foregoing discussion is an attempt to give a general 
explanation of why the data shown in Table 1? differ for the 
models. An extensive and detailed analysis would be required 
to give these explanations concreteness• However, in con­
sideration of the objectives of this study such a detailed 
presentation does not seem to be warranted here. Too, some 
other interesting and useful comparisons of the model results 
could be made for hours of labor, tractor hours, fertilizer 
used, etc. But, again, time and budget did not permit the 
presentation of these data. 
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F. Farm Production Area Trends in Grain Production 
and Model Results Compared 
In a competitive economy, economic forces are expected 
to direct resources toward their most efficient uses in the 
long-run. Although within an environment of imperfect know­
ledge and institutional restrictions, these economic forces 
are never expected to insure economic optima, their influence, 
if existent, should be apparent in long-run trends. 
A graphic presentation of long-run trends in wheat and 
feed grain production, and acreages for the 10 Farm Produc­
tion Regions,* are shown in Figures 8a through 17b, for the 
period 1900 - 1954 (110, 112, 116, 120, 123). (The data in 
these figures are expressed in percentages of the mean values 
for thg, period for convenience of presentation.) 
1. Wheat 
Figures 8a through 17b show that wheat production trends 
are upward in the Southeast, Northern, and Southern Plains, 
and the Mountain and Pacific areas. Production trends in the 
other areas are downward or unapparent. Two factors, in­
creased acreages and increased yields, are involved in these 
*For the states composing these regions, see Table 18. 
Hereafter these regions will be referred to as areas to avoid 
confusing these with the programming regions. State groups 
rather than states or regions are used for comparisons to 
save time and space. 
146 
•Table 18. Estimated (regression) annual increases in wheat 





Annual increase in yielda 
wheat Corn Oats Barley 
Grain 
sorghum 
(bushels oer acre) 
Northeast: 
Maine — 0.00 0.21 — — — —  
New Hampshire — —  0.26 0.00 — —  — —  
Vermont —» • 0.86 0.16 — —  —  
Massachusetts — —  0.84 0.41 — —  —  —  
Rhode Island —  —  0.37 0.00 —  —  —  
Connecticut — —  0.67 0.02 —  —  
New York 0.34 0.77 0.66 0.40 — —  
New Jersey 0.26 1.06 0.59 0.64 — —  
Pennsylvania 0.27 0.52 0.56 0.78 —  —  
Maryland 0.12 0.87 0.48 0.39 
Delaware 0.13 1.35 0.44 0.09 
Appalachian: 
Virginia 0.51 0.85 0.87 0.58 
West Virginia 0.46 0.9o 0.78 0.61 
North Carolina 0.49 0.64 0.68 0.76 
Kentucky 0.34 0.64 0.64 0.21 
Tennessee 0.35 0.38 0.61 0.05 — —  
Southeast: 
South Carolina 0.48 0.23 0.56 0.57 — —  
Georgia 0.54 0.38 0.67 0.54 — —  
Alabama 0.59 0.35 0.68 — — —  
Florida —  —  0.45 0.72 —— — —  
Delta: 
Mississippi 0.00 0.32 0.20 0.14 —  —  
Louisiana 
Arkansas 0.68 0.00 0.71 0.57 
Corn Belt: 
Ohio 0.34 0.70 0.44 0.46 — —  
Indiana 0.57 0.58 0.48 0.37 — 
Illinois 0.46 0.46 0.04 0.21 —  —  
Iowa 0.06 0.17 0.00 0.00 — —  
Missouri 0.66 0.42 0.09 0.48 0.07 
aZero entries indicate either zero or slightly negative 
trends, see Section IX F. 
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Table 18. (Continued) 
Areas and Annual increase in yield 
associated Grain 
states Wheat Corn Oats Barley sorghum 
Lake States: 
Michigan 0.49 0.70 0.09 0.28 —— 
Wisconsin 0.58 1.2? 0.79 0.51 — —  
Minnesota 0.00 0.52 . 0.01 0.00 
Northern Plains: 
North Dakota 0.00 0.02 0.06 0.14 — — 
South Dakota 0.0? 0.85 0.04 0.00 0.54 
Nebraska 0.45 1.13 0.00 0.06 0.71 
Kansas . 0.20 0.51 0.00 0.19 0.45 
Southern Plains: 
Oklahoma 0.02 0.00 0.05 0.00 0.24 
Texas 0.00 0.15 0.00 0.00 0.45 
Mountain: 
Montana 0.18 0.06 0.15 0.03 — —  
Wyoming 0.19 0.60 0.07 0.23 —  —  
Colorado 0.01 1.30 0.03 0.13 0.13 
New Mexico 0.00 0.23 0.00 0.41 0.18 
Idaho 0-09 1.05 0.40 0.00 —» — 
Utah 0.00 1.61 0.43 0.18 
Arizona 0.30 0.28 1.38 1.67 1-28 
Nevada 0.10 0.56 0.29 0.00 mm —» 
Pacific: 
Washington 0.33 2.11 0.20 0.13 — 
Oregon 0 .35 1.25 0.04 0.46 — — 
California 0.09 1.02 0.17 0.71 1.03 
area production trends. 
Figures 10a and 10b, showing production and acreage 
trends for the Southeast indicate that while total production 
has been increasing, total acreage has been declining. 
Therefore, the increase in production in this area is due to 
increasing yield-s. The data in Table 18 quantify this state­
ment . (In Table 18, the average annual increase in yields 
Figure 8a. Production trends, wheat and feed 
grains, Northeast area, 1900-1954 
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Figure 8b. Acreage trends, wheat and feed grains, 
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Figure 9a. Production trends, wheat and feed grains, 
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figure 9b. Acreage trends, wheat and feed grains, 
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Figure 10a. Production trends, wheat and feed grains, 
Southeast area, 1900-1954 
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Figure 10b. Acreage trends, wheat and feed grains, 
Southeast area, 1900-1954 
1G1 
I20r 
CORN X» 8,859,OOO A. 
—220 




OATS X» 1,001,000A. 
1900 04 08 12 16 20 24 28 32 36 40 44 48 52 
Figure lia. Production trends, wheat and feed grains, 
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Figure lib. Acreage trends, wheat and feed grains, 
Lake States area, 1900-1954 
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Figure 12a. Production trends, wheat and feed grains, 
Corn Belt area, 1900-1954 
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Figure 12b. Acreage trends, wheat and feed grains, 
Corn Belt area, 1900-1954 
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Figure 13a. Production trends, corn and oats, 
Delta States area, 1900-1954 
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Figure 13b. Acreage trends, corn and oats. 
Delta States area, 1900-1954 
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Figure 14a. Production trends, wheat and feed grains, 
Northern Plains area, 1900-1954 
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Figure 14b. Acreage trends, wheat and feed grains, 
Northern Plains area., 1900-1954 
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Figure 15a. Production trends, wheat and feed grains, 
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Figure 15b. Acreage trends, wheat and feed grains, 
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Figure 16a. Production trends, wheat and feed grains, 
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Figure 16b. Acreage trends, wheat and feed grains, 
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Figure 17a. Production trends, wheat and feed grains, 
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for wheat and feed grains, by states, is presented. These 
estimated average increases (linear regression) were computed 
by the method of least-squares with yield data for the period 
1937-54. ) Data in Table 18 show that the annual increase in 
wheat production has been circa 0-5 of a bushel per acre on 
the average for the wheat producing states in the Southeast 
area during the last 18 years. 
In the Pacific area, production has risen due to in­
creasing yields while acreage has remained relatively stable. 
On the other hand, both acreage and production trends are up 
in the Northern Plains, Southern Plains, and Mountain areas. 
Higher yields have also contributed to indicated production 
trends as shown by the positive yield trends in these states 
(Table 18) which vary from zero to 0.45 of a bushel per year. 
In Table 19 estimates of the 1954 normal production (see 
Section III E) and observed trends* for each area together 
with the production specified by the solutions to the four 
programming models are presented. (The quantities listed 
under the model specifications in Table 19 include the resid­
ual production, see Section III E, as well as that specified 
by the model solutions. Henceforth, both of these quantities 
will be referred to as programmed production.) The purpose 
*These are apparent trends observed in Figures 8a through 
17b based on judgment. Judgment was used because the cost of 
deriving both linear and non-linear regression coefficients ' 
would have been excessive-
Table 19. Estimated normal production of wheat and feed grains and trends, and 
the production of wheat and feed grains specified by model solutions, 
by Far in Production areas 
Area 
Produc-
Normal tion Acreage 
pro due- trenda trend 
tion0 1900- 1900-











(bushels in thousands) 
Northeast 42, 652 ? down 10, ,271 10, ,271 10, ,271 10, 271 
Appalachian 28, 161 ? down 12, 521 12, 521 12, 521 12, i 521 
Southeast 7, 006 up down 2, 600 2, ,600 2, 600 4, ,830 
Lake States 62, 540 down down 35, ,687 92, ,306 26, 449 174, ,158 
Corn Belt 196, 742 ? down • — 8, ,191 
Delta States 2, 923 — — — — 2, ,338 2, ,338 2 ; ,338 2, ,338 
Northern Plains 447, 285 up up 292, ,238 240, ,936 384, ,666 477, ,123 
Southern Plains 111, 835 up up 108, ,823 87, ,085 87, 085 87, 085 
Mountain 215, 147 up up 218, ,394 230, ,775 160, ,462 180, ,128 
Pacific 128, 928 up ? 144, ,098 136, 223 144, ,098 144, ,098 
Total 1,242, 118 826, ,070 823, ,246 830, ,479 1,092, ,552 
aThe term trend refers to apparent trend and can mean either linear or curvi­
linear trend. A question mark (?) indicates that no apparent trend is observed in 
trie relevant figure of Figures 8a through 17b, 
t>These data include the residual production in these areas in addition to that 
specified by the programming solutions. 
°8ee Section III E for definition of normal production. 
Table 19. (Continued) 
Produe-
Normal tion Acreage 
produc­ trend trend Programmed production 
tion 1900- 1900- Model Model Model 
Area 1954 1954 1954 I la II 
Corn 
(bushels in thousands) 
Northeast 99,556 up down 54,847 61,962 21,501 
Appalachian 230,873 down down 90,105 90,105 90,856 
Southeast 121,849 up down 22,562 22,562 22,662 
Lake States 379,950 up up 306,928 280,544 471,380 
Corn Belt 1,629,697 up down 1 ,806,363 1,787,437 2,189,742 
Delta States 54,192 down down 28,465 28,465 28,465 
Northern Plains 433,682 ? down 491,148 619,568 605,044 
Southern Plains 43,845 down down 29,085 28,952 23,409 
Mountain 15,560 ? down 6,049 6,049 6,049 
Pacific 3,637 up ? 2,794 2,794 1,623 
Total 3,012,841 2 ,837,346 2,818,438 3,460,711 
Oats 
(bushels in thousands) 
Northeast 63,800 down down 42,804 41,922 40,628 
Appalachian 30,774 up ? 16,488 16,488 16,322 
Southeast 40,643 up up 15,214 15,214 15,214 
Lake States 392,545 up up 308,372 267,405 27,058 
Corn Belt 468,022 ? ? 499,843 495,790 —• — 
Delta States 17,967 up up 15, 666 15,566 15,566 
Northern Plains 247,787 up up 384,684 449,673 750 
Southern Plains 43,555 down down 30,406 30,004 29,527 
Mountain 25,560 ? down 17,122 17,122 17,122 
Pacific 21,637 ? ? 15,437 15,437 15,076 
Model 
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Table 19. (Continued) 
Produc­
Normal tion Acreage 
produc­ trend trend Programmed production 
tion 1900- 1900- Model Model Model Model 
Area 1954 1954 1954 I la II III 
Barley 
(bushels in thousands) 
Northeast 11,980 up up 5,716 5,331 3,591 15,773 
Appalaohlan 8,729 up up 4,435 4,435 4,310 5,052 
Southeast 700 396 396 396 396 
Lake States 31,875 ? ? 47,460 46,017 704 6,788 
Corn Belt 5,333 ? ? 4,975 4,626 615 5,385 
Delta States 977 — — — —* 810 810 810 810 
Northern Plains 60,495 up up 173,204 197,997 — •— 6,368 
Southern Plains 2,081 ? ? 1,816 1,756 730 2,303 
Mountain 53,715 up up 23,417 23,417 225,654 130,700 
Pacific 71,385 up up 68,352 68,352 32,244 68,352 
Total 247,270 330,581 353,137 269,054 241,927 
Grain sorghum 
(bushels in thousands) 
Northeast — —— — ~ — —» —* 
Appalachian 1,534 — — — — 1,534 1,534 1,534 1, 534 
Southeast 543 —— 116 116 116 116 
Lake States — — —— — — — — — — — — -- — 
Corn Belt 684 — 266 253 146 266 
Delta States 462 — — 462 462 462 462 
Northern Plains 43,043 up up 84,894 96,599 665 84,894 
Southern Plains 70,818 Up ? 106,415 87,955 98,243 140,598 
Mountain 6,134 ? ? 2,404 2,404 2,404 2,404 
Pacific 4,672 ? ? 5,018 5,018 53,693 5,018 
Total 127,890 201,109 194,341 157,263 235,292 
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of Table 19 is to show how recent normal production levels 
and apparent trends compare with production specified by the 
programming solutions. 
The analyses that follow are quite crude in that trend 
comparisons are based on judgment. The pitfalls of this 
method are recognized. In a refined analysis, quantitative 
measures are needed to determine accurately if the direction 
of change is consistent with the model solutions. However, 
the level of aggregation involved in the comparisons did not 
seem to warrant a more refined analysis. 
For the Northeastern states, the 1954 normal production 
is 45 million bushels of wheat compared to 10 million* for the 
model solutions. But the production trend is unapparent for 
these states. Hence, it is questionable that resource adjust­
ment trends are in the direction they should be as indicated 
by the programming analysis. 
There is no wheat production specified by the programming 
solutions for the Appalachian, Southeast, and Delta states as 
snown in Table 19, except for the Southeast in the Model III 
solution. In all cases programmed production (2.6 million 
bushels) is below the 1954 normal level. The production 
specified by the Model III solution in the Southeastern states 
*This is production in the residual production areas of 
the Northeastern states. 
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is insignificant. Of these three areas, only in the Southeast 
is the wheat production trend upward. This trend is due to 
increased yields rather than an acreage increase, as noted 
before. 
The 1954 normal production for the Lake States is 63 
million bushels of wheat while the long-term production trend 
for this area is downward, but the quantities of wheat spec­
ified by the solutions to the models are inconsistent for this 
area. These quantities are 92 and 174 million bushels for 
Model la and III, respectively, and 26 and 36 million bushels 
for Models la and II, respectively. 
Only the programming solution for Model lb specifies any 
wheat production for the Corn Belt. And this is but 8 million 
bushels compared to the 1954 normal production of 196 million. 
Viheat production has been highly variable in the Corn Belt 
since 1900 (see Figure 12a), perhaps due to changing wheat 
and feed grain price relationships. For production efficiency 
fewer wheat acres are indicated for the Corn Belt. 
Except for the Corn Belt, most of the wheat in the United 
States is produced in the Northern and Southern Plains and 
the Mountain and Pacific areas. As noted previously, the 
production trends in these areas have been upward; however, 
only for the Pacific area is the quantity of wheat specified 
by the programming solutions consistently above the 1954 nor­
mal production level. For the Southern Plains area, the 
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programming solutions are consistently below the 1954 normal 
production of 112 million bushels, but the difference is 
only 3 million bushels for the solution to Model la. All 
the solution quantities are identical for the other three 
models: This quantity is 87 million bushels. The 1954 nor­
mal production is 215 million bushels in the Mountain area. 
The programming solutions to Modela la and lb specify greater 
quantities of wheat than the 1954 normal production which are 
218 and 231 million bushels, respectively. Only in one case 
is the quantity of wheat production specified by the program­
ming solutions for the Northern Plains area greater than the 
1954 normal of 447 million bushels. This quantity is the 
477 million bushels specified by the solution for Model III. 
2. Corn 
That the apparent trend in corn production has been up­
ward in five of the ten Farm Production areas can be observed 
in Figures 8a through 17b. Specifically, these areas are 
the Northeast, Southeast, Corn Belt, Lake States, and Pacific. 
Of these five, only in the Lake States has the acreage trend 
also been upward. That yield trends are responsible for in­
creased production in the other four areas can be seen in 
Table 18. In fact, for each of these five areas, corn yields 
have been increasing. 
Corn data comparisons for 1954 normal production and 
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programmed production can also be made with the data presented 
in Table 18. The programming solution production levels are 
consistently above 1954 normal production only in the Corn 
Belt. The normal in the Corn Belt is 1,630 million bushels 
while the programmed production varies from 1,787 to 2,190 
million bushels, respectively. for Models II and III. 
Programmed corn production in the Northern Plains is 
above 1954 normal production of 454 million bushels except 
for the programming solution to Model III, but the 396 million 
bushels specified by Model III is but 9 percent below normal 
production of 434 million. The excess above normal produc­
tion reaches a maximum for Model II for which it is 605 mil­
lion bushels or 123 percent of the normal. 
For all the other eight Farm Production areas, corn 
production specified by the programming solutions is below 
1954 normal production except for the solution to Model III 
for the Northeast and the solution to Model II for the Lake 
States. The 130 million bushels of corn in the Northeast 
specified by the solution to Model III is 130 percent of the 
1954 normal production. Also, the 471 million bushels of 
corn production specified for the Lake States is 124 percent 
of the 1954 normal production. 
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3• Oats 
Figures 8a through 17b show that oats production trends 
are definitely downward in only two of the Farm Production 
areas, i.e., the Northeast and Southern Plains. In the other 
eight areas, the production trends are upward or uncertain. 
The oats acreage trend is downward in the Mountain area as 
well as the above two. 
For six areas, the Delta States, Appalachian, Southeast, 
Lake States, Southern Plains and Pacific, oats production 
levels specified by the programming solutions are always less 
than the 1954 normal production. However, of these six only 
the Lake States produce a significant part of the total oats 
produced in the United States. (These data are also shown 
in Table 19.) Upward production trends in the Appalachian, 
Southeast, Lake States, and Delta States are contrary to these 
programming solutions. For the Corn Belt, the programmed 
quantities of oats are consistently above the 1954 normal 
production of 468 million bushels except for the solution to 
Model II » For Model II, no oats production is specified for 
the Corn Belt. Allowing corn production to "compete" with 
oats production in this model is the reason for this result. 
Oats do not produce sufficient feed per dollar of input to 
compete with corn in the Corn Belt, or in any other area for 
that matter, since no oats production in the programming 
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regions was specified in the solution to Model II. Corn pro­
duction in the Corn Belt, or barley in the Plains and Mountain 
areas, "carries11 oats production in the feed-grain rotation 
acre in the other three models. 
Oats production levels specified by the programming solu­
tions to Models la and lb are above the 1954 normal of 248 
million bushels in the Northern Plains. The maximum amount 
is that for Model lb which is 184 percent of the 1954 normal. 
As for all other areas, the specified oats production of 0.7 
million bushels for Model II is not in the programming regions 
of the Northern Plains, but it is the quantity produced on 
the "residual11 grainland in this area. The programmed pro­
duction for Model III is 157 million bushels or about 45 per­
cent of the 1954 normal level. 
For only the Model III solution does the oats production 
exceed tne 1954 normal of 25 million bushels in the Mountain 
area. The quantity of oats specified by the solution to 
Model III is 48 million bushels. The non-residual part of 
this 48 million bushels is for region 89 in Western Montana. 
4. Barley 
Historically, barley production has not been a sizeable 
part of the total feed grain supply in the U. S. Most of the 
barley production has been concentrated in the Dakotas and 
California which together usually produce about 44 percent of 
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the U- S. total• 
Barley production and acreage trends are more consistent 
than those for wheat, corn, and oats, as shown In Figures 8a 
through 17b. Also, as shown in Table 18, for most states, 
barley yield trends have been positive. The acreage and pro­
duction trends are upward in the Northeast, Appalachian, 
Northern Plains, Mountain and Pacific areas while these 
trends are uncertain in the Lake States, Corn Belt and 
Southern Plains areas. 
Because areas other than the Lake States, Northern 
Plains, Mountain and Pacific areas are insignificant in terms 
of barley production, no observations will be made about these 
other areas in regard to normal production versus programmed 
production. 
Barley production is above the 1954 normal production 
level of 32 million bushels for the solutions to Models la 
and lb for the Lake States (Table 19). Token quantities of 
barley are specified by the solutions to Models II and III. 
For Model II, this quantity is the residual production. 
Similar to the Lake States, in the Northern Plains, bar­
ley production specified by the solutions to the models is 
above the 1954 normal level for Models. Ia and lb and below 
for Models II and III. The replacement of feed grain pro­
duction in this area specified by the solutions to Models Ia 
and lb by wheat production in the solutions to Models II and 
Ill explains this fact. The solutions to Models Ia and lb 
specify 173 and 198 million bushels of barley for the Northern 
Plains compared to the 1954 normal production of 60 million 
bushels. No barley production is specified by the solution 
to Model II and only a token quantity of 6 million bushelr> 
for Model III• 
The programming solution specifications for the Mountain 
states are just the reverse of that for the Lake States and 
the Northern Plains. The 1954 normal, production level is ex­
ceeded by the programmed quantities for Models II and III, 
but greater than the solution values for Models Ia and lb. 
For these latter two models barley production in the Mountain 
states is the residual production; hence, was not designated 
for a programming region. Barley production determined by 
the solutions to Models II and III far exceeds the 54 million 
bushels of normal production in the Mountain states. Specif­
ically, the quantity for Model II is 419 percent of 1954 
normal production and for Model III it is 243 percent of the 
normal. 
5. Grain sorghums 
Presently, in the United States, grain sorghums produc­
tion is concentrated in the Northern and Southern Plains. 
In both of these areas, long-term data shows that production 
trends are upward (Figures Sa through 17b). Trends in the 
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Mountain and Pacific areas are not apparent. (Long-term data 
in the other six areas are not available.) For the Southern 
Plains, the production levels of grain sorghums determined 
in the programming solutions are consistently above the 1954 
normal of 71 million bushels. Also, the model solutions 
specify production below the 43 million bushel normal pro­
duction in the Northern Plains only for Model II. This 0.7 
million bushels for Model II is the residual production (i.e., 
not in the programming regions). The programmed production 
in the Northern Plains is about twice that of normal produc­
tion for the other three solutions. On the other hand, in 
the Southern Plains, programmed production is twice the 
normal production for Model III and for Models Ia and lb 
the specified production levels are 150 and 124 percent of 
the normal, respectively. 
Most of grain sorghums production specified by the model 
solutions for the Northern and Southern Plains is located in 
the low rainfall areas of Kansas and Texas, respectively. 
Presently, the production of grain sorghums in the 
Pacific area is concentrated in California and the estimated 
1954 normal production is only 4.7 million bushels (Table 19). 
But for Model II grain sorghums production is 54 million 
bushels. All the grain acreage in South Central California 
has been allocated for the production of grain sorghums for 
Model II. Apparently, grain sorghums compete favorably with 
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barley in this section. 
In summary, the foregoing comparisons are limited by 
tne degree of data aggregation. However, lack of long-term 
data prohibits a similar analysis for programming regions. 
Even so, it seems that some broad changes in grain produc­
tion patterns are indicated by the data. Specifically, more 
corn production and less wheat production (compared to IS54 
normal) are always specified for the Corn Belt by the solu­
tions to Models Ia, lb and III. Conversely, greater wheat 
production and less corn production are always specified for 
the Pacific area by these solutions. Also, for the Pacific 
area more grain sorghums production and less oats and barley 
production are prescribed by the three model solutions. Too, 
these model solutions always specify smaller quantities of 
wheat, corn, oats and barley in the Southeast, Appalachian 
and Delta States. 
To recommend these particular shifts in grain production 
patterns requires the assumption that complete agreement be­
tween the solutions to Models Ia, lb and III is overwhelming 
evidence. However, it appears that more refined and realistic 
analyses are needed to support any categorical statements. 
Some of these needed analyses will be outlined in the follow­
ing chapter. 
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G-. The Soil Bank Program and Some Implications 
of This Study-
There are two distinct phases to the grain surplus prob­
lem, as noted previously. First, there is the short-run 
problem of reducing grain production sufficiently to reduce 
the current high stocks of wheat and feed grains. Second, 
there is the long-run problem of balancing quantities of 
grain supplied and demanded at acceptable farm prices. 
The Acreage-Conservation Reserve Acts - Public Law 540 -
has two sections that were partially designed to cope with 
the problems of reducing crop surpluses and balancing supply 
and demand. These sections are the Acreage Reserve Program 
and the Conservation Reserve Program. As stated in a USDA 
publication (128, p. 5): 
The Acreage Reserve Program is designed to reduce 
production of allotment crops — wheat, cotton, 
corn, rice, and most types of tobacco .... 
The Conservation Reserve Program is a long-term 
measure designed to help adjust farm production 
to market demands and to increase the conserva­
tion of soil, water, forest, and wildlife"re­
sources . 
Contracts with farmers are made annually under the Acre­
age Reserve Program while contracts under the Conservation 
Reserve Program must be for a minimum of three years or a 
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maximum of ten years. At the present time, no contracts can 
ce made to put land in the Acreage Reserve after 1958; but 
contracts can be made for the Conservation Reserve Program 
until 1960. Hence, some land can be in the Conservation 
Reserve through 1969. Payments are higher for land in the 
Acreage Reserve Program and are based on local normal yields, 
support prices and production costs. The lower Conservation 
Reserve payments are based on average local rental rates.* 
The national average payments for wheat and corn acreages in 
the Acreage Reserve Program were 18 and 38 dollars per acre 
in 1957, respectively. Also, in 1957, the Conservation Re­
serve payments averaged about 10 dollars per acre.** 
The Soil Bank Program has not been effective in reducing 
grain production up to the present time. For example, even 
though the acreages of wheat, corn, and oats were 8.5, 7.5 
and 4.5 million acres less in 1957, respectively, than in 
1955 (118), the production of wheat, corn, and oats was up, 
respectively, by 12, 295 and 35 million bushels. Also, both 
the acreage and production of grain sorghums in 1957 were 
above those of 1955. Between 1955 and 1957 the production of 
*For a more complete general description of the pro­
visions of this act, see (128, pp. 5-6). 
**This is the rate for soil-bank base crops such as 
grains. Also, the farmer is required to pay for a small 
part of the cost of conservation measures required of par­
ticipators (128, p. 5). 
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grain sorghums increased from 318 to 641 million bushels, 
while the acreage increase was 3 million. 
The Committee for Economic Development has implied that 
the increase in total grain production, even though acreages 
have been reduced, is due to the concentration of more re­
sources on the remaining cultivated acres on farms partic­
ipating in the Soil Bank Program (26, p. 18). Consequently, 
the Committee recommends that whole farms be taken out of 
production (26, p. 34). There is one possible consideration 
overlooked in this recommendation. This oversight is: Some 
of the land on many farms may be highly productive while the 
remainder is of low productivity. Hence, if whole farms are 
retired, the cost of producing crops would increase. A more 
efficient program would be designed so that a given reduc­
tion in production will be achieved at a minimum cost to 
society. This cost includes not only payments to farmers for 
taking land out of production, but also what consumers have 
to pay for the final bill of goods after the adjustment. 
To achieve a given adjustment in production at minimum cost 
may require that in some areas it is necessary to divert part 
of the cropland on all farms to the production of trees or 
grass, then consolidate several farms into a single farm 
unit. 
Whether or not whole or parts of farms should be taken 
out of the production of surplus crops is beyond the scope of 
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this study. However, the overall design of a program similar 
to the Soil Bank Program, is related to this investigation. 
If the stated objective of any such program is to efficiently 
reduce farm surpluses and balance supply and demand, two con­
ditions are necessary. First, the total payments required 
for a given crop reduction must be a minimum. Second, the 
total supply cost of the equilibrium production must also 
be minimum. If these conditions are to be met, payments can­
not be made indiscriminately to all producers in all areas. 
For example, acreage reserve payments of S.97 in Fayette 
County, Illinois, and $1.01* in Christian County, Kentucky, 
per bushel of corn are inconsistent with a goal of reducing 
production at a minimum cost. Data derived in this study 
indicate that the per bushel payments required to induce 
farmers in Christian County to put corn in the Acreage Re­
serve Program is 11 cents less than in Fayette County.** 
Although these figures may be in error, the principle is this: 
Given constant input-output coefficients within these counties 
and assuming that these were the only corn producing counties, 
payments should be restricted to Christian County at 85 cents 
*Based on 60 percent of the 1955 support prices. Sixty 
percent was the payment rate for corn in the acreage reserve 
in 1956. 
**Based on direct production costs of 65 and 85 cents 
per bushel in Fayette and Christian Counties, respectively. 
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per bushel (the estimated return per bushel above direct 
costs* in this county) until all the production in this county 
was eliminated; then, if there were still some surplus corn 
production, payments of 96 cents per bushel should be offered 
to farmers in Fayette County. (In reality, these payments 
would need to vary slightly above and below 85 and 96 cents 
to obtain equilibrium.) 
The preceding discussion leads to this conclusion: 
Lower per bushel "profit" acres should be singled out for 
payments of the soil bank type instead of a program for all 
who think it is profitable to participate- With a "some for 
everybody program", it is likely that payments will be so 
high in some areas that the more productive grainland will be 
taken out of production end that payments will be either 
higher or lower than necessary to get the "inefficient" 
grainland out of production in certain areas. 
Under the present Acreage Reserve Program, provision is 
made for differential per bushel payments between farms. 
These differences in payments are due to the differences in 
the county support prices, normal yiedls and production 
costs. Also, under the Conservation Reserve Program payments 
are per acre rents based on the following: (a) cash value of 
*In some instancies the payments may need to be higher 
than these if the factors included in direct costs have no 
alternative opportunity. 
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the land, (b) prevailing rates of cash rentals and (c) pro­
ductivity of the land in the county as compared to that of 
other counties in the state• In either case, there appears 
to be nothing inherent in these methods of payment to insure 
that the payments will be the net returns given up, nor that 
the payments will be limited to the lower net return farms. 
Table 20 shows estimated per bushel net returns above 
direct cost for regions not in the solution set of regions 
for Model III. The prices used for these estimates are esti­
mated 1945-54 average state prices adjusted for regional dif­
ferences (see Section III F). Although these net returns 
may not be relevant to the current situation, they are illus­
trative in regard to the above discussion. 
Both the net returns for wheat and feed grain show great 
variations from region to region. The wheat returns vary 
from a negative 54 cents per bushel in region 97 to 95 cents 
per bushel in region 35. For feed grain, the range is from 
a negative 28 cents per bushel in region 17 to 72 cents per 
bushel in region 22 or 24. The negative or zero returns in 
Table 20 indicate that wheat and feed grain would go out of 
production in these regions in the long-run even without di­
rect payment incentives given the prices and costs assumed. 
It is also likely that some of the lower profit regions might 
cease to produce either wheat or feed grains due to more 
profitable alternative opportunities. However, given the 
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Table 20. Estimated average per bushel payments8' required 
to induce farmers to take grainland out of 
production, selected regions, Model III surplus 
regions 
Region Wheat Feed grain Region Wheat Feed grain 
(dollars per bushel) (dollars per bushel] 
1 0.93 0.62 35 0.94 0.47 
5 0.50 0.71 42 0.93 0.56 
7 0.43 0.28 67 0.95 0.49 
8 0.46 0.42 68 0.82 0.33 
9 0.48 0.38 75 0.71 -0.15 
10 0.79 0.15 78 0.93 0.29 
11 0.43 -0.12 85 0.76 0.71 
12 0.67 0.02 86 0.87 0.51 
13 0.69 0.17 8? 0.27 0.58 
14 0.42 0.03 91 0.88 0.18 
15 -0.13 93 0.90 0.48 
17 0.89 -0.28 95 0.50 0.69 
18 0.86 0.30 96 0.52 0.15 
19 0.50 0.15 97 -0.54 0.00 20 0 • 33 0.56 
21 0.75 C.64 
22 0.59 0.72 
24 0.43. 0.72 
33 0.95 0.71 
34 0.92 0.56 
aThese are estimated net returns based on 1945-54 aver­
age prices and estimated direct costs. 
objective of the greatest reduction of wheat and feed grain 
production for a given cost, estimated net return payments 
•would be offered to farmers in the lower return regions first, 
then proceed to higher return regions and so forth until the 
necessary amount of production was eliminated. 
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The above analysis is not comprehensive enough to make 
specific recommendations. The ultimate refinement in a pro­
gram may mean that certain farms need to be singled out in 
all areas of the country. But it is important to know the 
specific areas in which most of the adjustments in grain pro­
duction should take place. For an operational program, per­
haps individual bids by farmers would be efficient. This 
method has been tried on a limited basis. But only a few 
contracts have been made. 
Certainly, there are many problems involved in most 
direct payment farm programs. The purpose of this section is 
only to point out a few of the apparent principles that need 
to be considered in designing governmental programs of the 
Soil Bank type. 
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V. CONCLUSIONS AND RECOMMENDATIONS 
This study is conceived as being both a normative anal­
ysis of the grain economy and an experiment in economic 
analysis methodology. Initially the objectives were more 
ambitious than those achieved. Specifically, analyses were 
planned that were realistically special in that transport 
cost and regional demand levels be considered. After exten­
sive investigation of data and computational problems showed 
that this plan was not presently feasible, an alternative 
model (Model III) was used as a substitute for the spacial 
equilibrium model. 
Models Ia and lb are basically not spacial models in that 
transport costs are assumed to be zero. However, as was 
shown previously, it is possible through these models to 
analyze the following: (a) the competitive positions of dif­
ferent grain producing areas in the United States in terms of 
relative input-output coefficients and (b) the possible influ­
ence of land values on optimum production location. 
Model II, in which all feed grain activities compete for 
grainland, is primarily a model of "academic" interest and in 
part related to the area of changing technology. It is cur­
rently the most unrealistic of the four models used in this 
study. 
In the preceding chapter conclusions were stated for each 
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part of the analyses. Some of the more Important of these are 
summarized or expanded In the following section, together with 
conclusions about the measurement and assembly of data and 
computational costs. 
A. Conclusions 
There appears to be no real basis for stating which of 
the Models Ia, lb or III is more adequate for the aggregative 
type of analysis attempted in this study. However, Model III 
produces results that would be expected after comparing pro­
duction cost differences in vsrious locations of the United 
States while also considering production location and demand 
location. More detailed analysis of transport costs neces­
sary to move wheat and feed grains from one area to another 
are required before any realistic conclusion can be formu­
lated. The significance of the complexity of the wheat and 
feed grain economy to the analysis problems involved can 
scarcely be over-emphasized. 
The lack of "real" differences in the solutions to the 
Models la, lb and III gives rise to at least two possible 
explanations: (a) There are not sufficient fundamental dif­
ferences in the models to cause great differences in the 
solutions, (b) Production cost differences between regions 
are great enough to offset any existing locational advantages. 
If the latter is true, then the results of this study have 
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considerable significance for future programs concerned with 
grain resource adjustments in agriculture. 
There are two paths that government grain programs can 
follow if their stated objective is efficient grain produc­
tion . These are: (a) farmers in high per unit cost regions 
can be encouraged to divert resources to other types of pro­
duction, or (b) farmers in these regions can be encouraged to 
reorganize (size of farm) and/or adopt more efficient produc­
tion techniques. 
In regard to the latter, for any feasible change and, 
before any action is taken,it is first necessary to determine 
how any given change in a particular region would affect its 
competitive position relative to other areas. There is no 
present basis for believing that a region with high per unit 
cost for grain production can "progress" while a more effi­
cient region remains static- Furthermore, the data show that 
the quantities of land and labor resources necessary to pro­
duce the nation's food requirements over time have decreased 
(2). This phenomenon has occurred despite a rapidly increas­
ing population- Only with drastic increases in the demands 
for wheat and feed grains would the present high production 
cost regions be needed for grain production. In any case, 
future public expenditures to aid agricultural adjustments 
should be allocated to programs designed to produce the 
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greatest return consistent with societal goals for any given 
outlay. Needless to say, this objective is not easily deter­
mined . 
Although as compered with conceptually feasible linear 
programming models dealing with regional economic analysis, 
the models used in this study are quite simple, the data prob­
lems were not minor. Because non-conforming (in regard to 
data summaries) regions were used, much time and money was 
spent adjusting data to conform with "visualized" regional 
situations. Much of the data required for this study is sum­
marized either for counties or more frequently for states. 
Consequently, some aggregating and much interpolating of data 
were required. Many arbitrary decisions had to be made from 
time to time for the work to proceed. The use of several 
production techniques in each region made the summarization 
of the data complex, cumbersome and time consuming. However, 
the methods used were deemed necessary to obtain the best pos­
sible estimates of the relevant input-output coefficients. 
It is apparent throughout the preceding discussions and 
in those presented in the appendices that adequate input-
output coefficients are seldom available. Basic to any study 
of the type presented here is the formulation of a plan to 
obtain data that are descriptive of the production relation­
ship existing in the production regions. Underlying the 
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method used to estimate regional input-output coefficients is 
the problem of delineating production regions. The production 
regions delineated are necessarily contingent upon the ulti­
mate objectives of the investigation. Hence, a study de­
signed to investigate crop production relationships may re­
quire different criteria for regional demarcation than one 
dealing with livestock alone or with crops and livestock 
together. With the known variability within even the small­
est practical production region, the expansion of a study to 
many crops and the various livestock enterprises requires 
that a compromise must be made in order to define an opera­
tional model. (A model is operational in that it is computa­
tionally feasible.) Thus, the following two things must be 
considered in selecting criteria for delineation of produc­
tion regions* (a) will the use of these delineation criteria 
result in regions consistent with the objectives of the study 
and (b) will the resulting regions be few enough to permit a 
solution. Certainly, the criteria selected must be given 
limits or a range for fulfillment, or the final regions will 
consist of individual farms. 
Some compromise appears to be necessary for any regional 
demarcation. However, after regions have been delineated, 
possibilities exist for further refinement in the direction 
increasing realism. Since a certain amount of homogeneity 
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certainly exists between noncontiguous areas or farms, 
stratification of farms or larger land areas within a region 
could be used to reduce the variance of input-output coeffi­
cients. This method will increase the size of the problem 
because more activities and restraints are necessary for 
each region.* However, stratification can possibly be used 
to minimize the size of the problem while increasing the 
accuracy when variability within a particular region is 
greater than variability between regions. 
Only when relevant regions (for the problem) have been 
delineated can we specify methods to secure adequate input-
output coefficients. Input-output coefficients relevant for 
the type of analysis instituted in this study can be classi­
fied in the following four possible categories: (a) those 
that describe the current farm production situation, (b) those 
that are economically optimum currently, (c) those that are 
economically feasible at some future point in time, and (d) 
those that are economically optimum** at some future date. 
Categories (a) and (b) are useful to ascertain "what is" and 
"what ought to be". Category (c) is relevant for predictive 
*This statement assumes that demand is specified for 
each production region or each group of regions. 
**Optimum as used here refers to between production tech­
niques rather than in the marginal sense; which presumes the 
former can be determined and the latter cannot. 
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studies. Category (a) is useful for studies dealing with 
plans for the future. 
To obtain input-output coefficients that describe the 
current farm situation is no simple task, even if only direct 
inputs are measured or estimated. This fact is evident in 
this thesis. Inherent in the direct inputs is the allocation 
of fixed factors such as buildings or machinery. As the con­
cept of the plant varies, the relevant inputs ere consequently 
not the same. Therefore, adequate criteria must be establish­
ed for defining the coefficients to be measured snd the method 
of measurement. Only then can a plan be outlined for secur­
ing the necessary coefficients. For current input-output 
data, a random sample survey is perhaps an acceptable method 
to obtain these data-
Current optimum coefficients might be obtained by pro­
gramming a random sample of farms in each region. Linesr 
programming might be used also to estimate future optimum 
inputs snd outputs. Economically feasible coefficients might 
be estimated by discounting optimum coefficients on the basis 
of historical relationships exhibited by farm firms. 
A national agency set up to measure inputs and outputs 
of the nation's farms in a manner consistent with production 
theory would be a tremendous aid to regional economic analysis 
of the farm economy. At the present time, data on the output 
side is considerably more complete than on the input side. 
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Tills fact is due, primarily, to the work of Crop Estimates 
Division of the Agricultural Marketing Service in cooperation 
with state agencies. The cost of operating such a central 
data agency would not be small; however, the returns per dol­
lar spent could be great if better information to direct 
farm programs was obtained. 
Since different types of regional economic analysis may 
require different methods and levels of aggregation, data 
collected or estimated for counties might be a fair compro­
mise. Cost of aggregating county data would increase the 
cost of many regional studies. Relevant economic regions, 
however, do not follow state boundaries. Also, it is much 
simpler to aggregate than to disaggregate data. 
The cost of solving linear programming problems of the 
nature and size used for this study is not prohibitive. The 
total cost of obtaining the solutions to the four models was 
approximately $1,200. However, for a problem about twice the 
size of Model la (a 210 by -310 matrix) that has been solved, 
the cost of the solution was circa $12,000. Presently, the 
factor having the greatest influence on cost is the number 
of restraints or restrictions in the matrix. The experiences 
of this study indicate that the number of real activities in 
the matrix has a relatively small effect on the solution 
cost. It is possible that in the future digital computers 
will become more efficient as well as the routines used for 
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specific problems. Hence, in the future very large problems 
might be solved at reasonable costs. Also, it was found 
through this study that computational time can be greatly 
decreased by "pre-selecting" activities that intuitively are 
expected to be in the final solution before the normal simplex 
linear-programming routine is used. 
B. Recommended Future Studies 
It is recognized that in order for some of the following 
outlined studies to be carried out may require (a) that some 
of the data problems mentioned above are solved, (b) a size­
able budget and (c) a degree of aggregation greater than that 
used for this study. However, with expected improved comput­
ing techniques and larger computing equipment, the latter 
two might become less important. The first might be a limita­
tion for sometime in the future• 
Since studies of the type reported here deal with a 
spacially oriented economy, future studies need to incorporate 
more realism than was possible in this investigation. As 
already noted, one method that is both simple to conceive 
while being consistent with the theory of pure competition 
is the use of regional demand restraints and necessary trans­
port costs. As also mentioned, while freight costs are avail­
able for many origins and destinations, other transport costs 
such as handling and commissions are not easily ascertained. 
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Also, the total transport costs apply to a product that takes 
on many forms (wheat, flour, "bread, corn, middlings, corn 
meal, breakfast cereal) between the producer and consumer. 
Hence, the use of freight rates of grain alone would bias 
transport costs. However, the obstacles encountered in 
ascertaining transport costs should not be much more difficult 
to surmount than those of the production coefficients. It 
may be possible to estimate transport costs efficiently by 
partitioning marketing margins. 
As implied in the previous section, future studies are 
needed that consider known differences in input-output co­
efficients within practical grain regions. It was pointed 
out also that additional activities and restraints for land 
of different productivity might be used as a method of anal­
ysis . 
If studies of the regional type are to be of any value 
in predicting where particular farm commodities should be 
produced in the future when efficiency criteria are met, then 
projected demands and technology also need to be incorporated 
in the analysis as implied in the above discussion on data. 
A simple method to handle the demand problem is by 
linear programming with variable demand.* By this method 
*High speed computer routines are presently being writ­
ten to handle problems of this type at the Statistical Lab­
oratory, Iowa State College. 
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optimum solutions are derived for an infinite number of demand 
levels within a specified range. The variable demand method 
has two distinct advantages. These are: (a) it provides a 
"tailored" solution to fit most demand projections (i.e., as 
demand projections are changed from time to time, a produc­
tion solution is available for each)* and (b) it reserves the 
problem of demand estimation for those better qualified to 
make these estimates. Also, the two activities (demand esti­
mation and production specification) can be carried on inde­
pendently and simultaneously. 
The technological change is certainly more difficult to 
estimate than is change in demand, since technological ad­
vancement is contingent upon many variables - some of them 
non-quantifiable. One practicable procedure, perhaps, is to 
make some assumptions as to the growth of the total economy 
and proceed within the framework of these assumptions. No 
assumptions could preclude "break-throughs" in technology. 
Hence, many technological projections may be grossly in 
error. 
Some discussion has previously been presented regarding 
the programming of "all possible" crop and livestock activ­
ities in each region. It has also been pointed out that this 
*This statement applies to a relatively short period in 
which production techniques are unchanged. 
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type of problem would permit the use of production factors 
in their physical form ( machinery hours, labor hours, acres 
of land, etc.). Consequently, given the product prices and 
resource restraints, competitive prices of these factors can 
be obtained as the dual of the minimum cost solution. A solu­
tion to this "closed system" type of problem is normative for 
a purely competitive system with constant input-output coeffi­
cients. It is normative in the sense that it gives a maximum 
value product solution with the standard linear programming 
assumptions and fixed resource levels. The agricultural in­
dustry has been characterized as approximating pure competi­
tion. Hence, the above normative solution may be a sufficient 
criterion for defining efficiency in this industry. Any con­
clusions would be limited by the assumed constant input-
output coefficients. Another point needs to be mentioned 
here. That is: non-mobility of resources between agricul­
ture and all other industries must be assumed in order to 
determine factor prices in the "closed system". However, if 
the equilibrium factor prices derived by the dual solution 
are below those existing for identical factors in other in­
dustries, a transfer of these factors from agriculture to 
other industries would be indicated. 
Quality represents another variable that perhaps should 
be accounted for in more refined studies. Soft wheat is not 
substitutable for the hard varieties in the manufacture of 
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wheat products of a given quality. It was assumed in this 
study that the regions in the model solutions would provide 
a variety mix that would be adequate to meet the special de­
mands for each variety. The results apparently do not contra­
dict this assumption. However, hard red spring wheat may be 
in short supply in some of the solutions, particularly in 
the solution to Model la. Also, this is true for durum wheat 
unless its production were diverted to Montana. 
Numerous other aggregative problems can be conceived for 
linear programming analysis of the grain economy. Some of 
these are: (a) the determination of the optimum producing 
regions when crop failures are assumed in certain areas, (b) 
the determination of the optimum level and location of grain 
stocks over time (dynamic programming) and (c) a combination 
of these two. The latter two could easily exceed computa­
tional feasibility if a large number of production regions 
were considered. 
Another possible method exists for describing the com­
petitive position of various agricultural regions in the 
wheat and feed grain economy. This method is the spacial 
equilibrium model using statistical supply and demand func­
tions. This method has been described by Samuelson (89) and 
used in empirical analyses by Fox (36, 37), and Judge (58), 
as noted in Chapter I. It is possible by using statistical 
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supply and demand functions to take into account the effects 
of the certain relevant endogenous variables in the economic 
system such as the prices of competing products. This was 
not possible in the present study. Also, the demand func­
tions do not need to be constants for the Samuelson method. 
However, spacial equilibrium models using statistical 
functions appear to be extremely complex for a detailed re­
gional analysis with as many as 100 regions. Without the 
detail achieved by many regions, the analysis cannot be more 
than very general. Too, statistical regional analysis appears 
to be primarily suited for predictive studies rather than 
normative ones. Hence, there possibly exists a place for the 
type of regional model used in this investigation and the 
statistical type. 
Although analyses of the agricultural industry of the 
type employed in this investigation are desirable from the 
viewpoint of "realism" and "complete" analysis, the experi­
ence of this study has revealed the true magnitude of such an 
analysis. But if the regional interdependence of the agri­
cultural industry is ever to be known or at least approxi­
mated, a programming type of analysis seems to be the simplest 
and most feasible of those presently available. However, the 
aforesaid recommended studies imply that many sub-studies of 
the economy are necessary before realism and completeness 
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can be achieved. Hence, sizeable funds and much time are 
required for such analyses. 
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VI. SUMMARY 
This thesis describes a regional aggregative analysis of 
the wheat ana feed grain* economy. The general analysis was 
concerned with current surpluses that exist for these grain 
crops. Society has a direct interest in this problem since 
through government price support programs it is both foster­
ing and paying the cost of surplus grain stocks. Surplus 
production problems of these grains cannot be investigated 
independently. The decrease in the quantity of one usually 
leads to an increase in the quantity of one or more of the 
others. However, recent developments in mathematical pro­
gramming provide methods for analyzing these grain industries 
simultaneously. 
The general objective of this study was to determine the 
optimum regional production location of wheat and feed grains 
and consequently to specify surplus grain producing regions 
in the united States given certain production restraints and 
costs. The restraints are the quantity of land "usable" for 
grain production in each region and the quantities of wheat 
and feed grains required for human and livestock consumption 
at a point in time. Given the level of production restraints 
product prices and production costs, the optimum regional 
*Corn, oats, barley, and grain sorghums. 
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location of production is determined by those areas that 
produce the specific grain requirements at (a) minimum cost, 
or (b) maximum profit, depending on the assumptions of the 
analysis. Other objectives were as follows: (a) to compare 
the grain production patterns and levels specified as optimum 
with long-term trends and recent production levels in the 10 
Farm Production Areas,* and (b) to relate the results of this 
study to governmental programs of the Soil Bank type. 
One hundred four unique major grain producing regions 
were delineated in the United States for the analysis. These 
regions did not include the total land area of the nation. 
The meager grain production in the omitted areas was assumed 
to be independent of the system. The base year 1954 was used 
for determining production costs, grain prices, yields and 
consumption requirements, but 1955 was the base year for 
estimating maximum grain acreages. 
Four models were formulated in order to determine the 
optimum production locations of wheat and feed grains. These 
models are designated as la, lb, II and III. The maximum 
regional grain acreages are common to all four models. Food 
wheat, feed wheat, and a feed grain rotation-acre are the re­
gional production possibilities (activités) in Model la, lb 
*The correct name for these is Farm Production Regions. 
The word area is used to avoid confusion with unique grain 
regions defined in this study. 
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and III, but for Model II the regional production possibil­
ities are food wheat, feed wheat, corn, oats, barley, and 
grain sorghums. Other differences between the models are 
(a) Models la, lb, and II are minimum total production cost 
models, but Model III is a maximum total profit model; and 
(b) annual land rents are included in the activity produc­
tion costs for Model lb, but not for Models la, II and III. 
The simplex method of linear programming was used to 
determine the optimum production location of wheat and feed 
grain. 
The programming solutions to the models, though not 
alike, show a high degree of similarity; especially the solu­
tions to Models la, lb and III, which are the more realistic 
models.* Feed grain production was consistently specified 
by the solutions to these three models for the Corn Belt, 
Delaware, New Jersey, and the eastern sections of Pennsyl­
vania, and Maryland. Wheat production is always designated 
for the Pacific Northwest and Northeastern Colorado. The 
three programming solutions vary most from model to model in 
the Lake States and the Northern Plains, particularly in 
North and South Dakota. The production specifications for 
North and South Dakota varied from all feed grains (meaning 
*The results of these three models, taken together, 
probably provide a basis for specifying regional resource 
adjustment for grain production. 
230 
large quantities of barley) for Model lb to nearly all wheat 
for Model III. 
Feed grain production is never specified for Michigan, 
Southeastern Colorado, Eastern New Mexico, the Delta States, 
and the Southeast. For these same locations, only for Model 
III, a small quantity of wheat production is designated for 
the Southeast. This production is for Southern Alabama. For 
the Appalachian area, a small quantity of feed grain is spec­
ified for production in Western Kentucky and Eastern Virginia 
by the solution to Model III; wheat is never designated for 
this area. On the basis of this study, then, these areas 
where little or no grain production is ever specified are 
those in which most of the resource adjustments in grain 
production should take place. 
Comparisons were made to determine if apparent grain 
resource adjustments (evident in long-term production trends) 
in the 10 broad areas defined as the Farm Production areas 
were consistent with the results of this study. These com­
parisons also indicate that while some areas are adjusting 
in the direction of national economic efficiency defined by 
the model solutions, considerable resource adjustments are 
necessary to bring trends into agreement with the model solu­
tions . 
For surplus grain producing regions specified by the 
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solution to Model III, it was shown that estimated per bushel 
payments required to induce farm operators to retire grainland 
very greatly between regions. (These estimates are net re­
turns per bushel based on estimated per bushel production 
cost and 1954 prices.) These estimates show that in some 
regions grain production is unprofitable on the average ; 
hence, grainland in these regions might be diverted to other 
enterprises without incentive payments by the Federal Govern­
ment. 
Competitive wheat and feed grain prices for Models la, 
lb and II were determined through the dual programming solu­
tion. Land rents were also determined by the dual solution 
to eacn of the four models. In general these rents can be 
described as residual or imputed values. However, in terms 
of the models, the derived rents can be described also as 
competitive prices for land used to produce grain. 
The analysis used in this study is conceived as an 
experiment in economic research methodology in addition to 
providing rough norms for grain production efficiency. The 
results indicate that linear programming provides a means 
for analyzing numerous interdependent economic activities at 
an aggregative level. Furthermore, the analysis is more de­
tailed than seems possible with customary spacial equilibrium 
models using statistical supply and demand equations; though 
some of the generality is lost. 
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Although conceptually, the models used in this investiga­
tion are relatively small, even so, data problems and cost 
were of considerable magnitude. Programming analysis, too, 
is not exempt from the law of diminishing returns. With the 
present state of computing technology, after the problem size 
approaches a certain limit the marginal amount of information 
gained per dollar spent becomes asymtotic to zero quite 
rapidly; so it seems. Hence, a very keen imagination is 
necessary when designing regional economic models for math­
ematical programming if the "marginal value products" of 
research resources are to be equated. 
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VIII. INTRODUCTION TO THE APPENDICES 
The primary purposes of these Appendices is to describe 
briefly (a) the problems encountered in obtaining data for 
this study and (b) the methods used to surmount these prob­
lems. Due to limited space most supplementary data derived 
in order to estimate those shown in certain preceding tables 
are not presented. However, these supplementary data are 
available from the author, Department of Economics and Soci­
ology, Iowa State College. 
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IX. APPENDIX A. NOTES AND SUPPLEMENTARY DATA FOR 
YIELDS AND ACREAGES 
A. Abandonment Rates for Wheat and Feed Grains 
Because the methods used to estimate regional abandon­
ment rates for wheat, oats and barley were related, these 
will be described first. For each of these three grains, the 
state average proportion of seeded acreage harvested for 
grain was subtracted from the average proportion of seeded 
acreage not abandoned, 1945-54.* The result is, necessarily, 
an estimate of the proportion of seeded acreage diverted to 
uses other than grain. It was assumed that the diversion of 
these three grains to uses other than grain (hay, pasture, 
green manure, etc.) was constant within each state - Then, 
for wheat, the proportion of acreage seeded for all purposes 
in each region that was harvested for grain in the 10-year 
period, 1945-54, was computed. To this proportion was added 
the estimated state diversion rate of the relevant state. 
The result was an estimate of the proportion of wheat planted 
for grain that was harvested for each region.** 
For cats and barley, regional seeded acreages were not 
*Ralph Loomis. FEKD, ARS, USDA, Washington, D. C. 
Information on grain: abandonment by states. Private com­
munication. 195?. 
**This method assumes that acreages planted for other 
purposes (i.e., not for grain) have the same abandonment 
rate as that planted for grain. 
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available. Hence, the method used to estimate wheat abandon­
ment could not be used for them. It is reasonable that oats 
and barley abandonment is related to wheat abandonment. Con­
sequently, the following relationship was assumed and used 
to estimate the average proportion of acres seeded for oats 
or barley that was harvested: 
hi = H- (A.l) 
where 
hj_ = estimated proportion of oats or barley acreage 
seeded for grain that was harvested in i-th region; 
= estimated proportion of wheat acreage seeded for 
grain that was harvested in i-th region; 
Wj = estimated proportion of wheat acreage seeded for 
grain that was harvested in j-th state in which 
i-th region is located; 
Hj = estimated proportion of oats or barley acreage 
seeded for grain that was harvested in the j-th 
state in which the i-th region is located. 
(These proportions are 194 5-54 averages. ) 
It was not necessary to estimate abandonment rates for 
corn because corn production data include estimates (in corn-
equivalent bushels) of corn not harvested for grain, i,_e., 
hogged down and silage- Hence, seeded acreage minus har­
vested acreage equals the acreage abandoned. However, this 
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is not true for grain sorghums. Therefore, it was assumed 
that the abandonment of grain sorghums was related to the 
abandonment of corn. Hence, the method used to estimate the 
abandonment of grain sorghums in each region was similar to 
that used for oats and barley• 
Table 21 shows the proportion of acreage seeded for grain 
that is harvested (i.e., 1 - abandonment rate) for each grain 
crop by regions. 
B. Regions Requiring Yield and Acreage Estimates 
Table 22. shows the grains and the regions for which acre­
ages and yields were estimated by equations (A.2) and (A.3) 
which follow. This table illustrates the present availability 
of annual data for wheat and feed grains by counties. 
For regions in which annual county data for wheat and 
feed grains were not available (see Table 22) 195-3 regional 
acreages were estimated by the following equation: 
C. Estimated Regional Acreages 
( i  =  1 ,  2 ,  . . 1 0 4 )  ( A . 2 )  
(j = 1, 2, ..., 39) 
( g = l ,  2 ,  •  •  • ,  5 )  
where 
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Table 21. Estimated proportion of acreage seeded for grain 
that is harvested, specified grains, by regions, 
1945-54 averages 
Grain 
Region Wheat Corn Oats Barley sorghums 
1 1.00 0.99 0.99 0.98 — — 
2 1.00 0.99 0.98 1.00 -w — 
3 0-96 0.99 0.93 0.96 — —• 
4 0.98 1.00 0.96 0.98 — — 
5 1.00 0.99 1.00 1.00 
6 0-83 0.99 0.83 0.83 
7 0.99 0.99 0.99 0.99 — mm» 
8 1.00 0.98 1.00 1.00 —— 
9 0.89 0.99 0.89 0.90 — no 
10 0.98 0.99 0.98 0.98 
11 0.97 0.99 0.96 0.97 
12 0.99 0.98 0.99 1.00 — — 
13 1.00 0.99 1.00 1-00 — 
14 1.00 0.99 0.94 1.00 
15 0.99 0.98 
16 1.00 0.99 0.99 0.98 
17 0.95 0.99 0.93 —» — 0.98 
18 1.00 0.97 0.99 — —* 0.98 
19 0.85 0.97 0.86 — — 0-98 
20 0.96 0.99 0.96 0.96 
21 0.93 0.96 0.90 0.93 
22 0.97 0.99 0.97 0.97 — — 
23 0.99 0.99 0.98 0.99 — — 
24 1.00 0.99 0.99 1.00 
25 0.97 0.99 0.97 0.96 
26 0.99 0.99 0.98 0.97 
2? 1.00 0.99 0.99 0.98 
28 0.99 1.00 0.99 0.98 —• — 
29 0.98 1.00 0.98 0.98 — -M 
30 1.00 0.96 1-00 0.98 — — 
31 0.98 1.00 0.99 0.98 
32 0.99 0.99 1.00 0.98 ™ — 
33 1.00 0.99 0.99 0.98 — —— 
34 0.99 0.99 0.99 0.98 — — 
35 0-98 0.98 0.99 0.99 «— —-
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Table 21. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
36 0.99 0.99 
3? 0.98 0.99 
38 0.99 0.99 
39 0.97 0.98 
40 0.97 0.97 
41 0.96 0.95 
42 0.97 0.95 
43 0.95 0.97 
44 0.87 0.99 
45 0.81 0.99 
46 0.35 0.99 
4? 0.96 0.99 
48 0.98 0.99 
49 0.96 0.98 
50 0.97 0.98 
51 0.97 0.97 
52 0.98 0.97 
53 0.96 0.97 
54 0.97 0.98 
55 0.92 0.94 
56 0.97 0.97 
57 0.96 0.98 
58 0.93 0.96 
59 0.94 0.98 
60 0.87 0.99 
61 0.90 0.95 
62 0.90 0.96 
63 0.88 0.99 
64 0.92 0.98 
65 0.93 0.99 
66 0.97 0.97 
67 0.95 0.95 
68 0.94 0.94 
69 0.94 0.94 





















































































Table 21 - (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
71 0.94 0.94 0.90 0.79 0.92 
72 0.94 0.93 0.91 0.79 0.92 
73 0.90 0.94 0.87 0.76 0.92 
74 0.81 0.90 0.78 0.69 0.88 
75 0.94 0.94 0-88 0.77 0.91 
76 0.96 0.93 0.91 0.80 0.89 
77 0.80 0.94 0.76 0.66 0.90 
78 0.91 0.96 0.86 0.75 0.92 
79 0.89 0.95 0.84 0.74 0.91 
80 0.80 0.98 0.89 0.82 0.92 
81 0.88 0.9 5 0.97 0.90 0.89 
82 0.83 0.94 0.91 0.85 0.88 
83 0.91 0.96 1.00 0.93 0.90 
84 0.82 0.96 0.91 0.84 0.89 
85 0.98 0.99 — . 0.93 
86 0.88 0.97 0.97 0.90 0.91 
87 0.96 0.99 — — — 0.92 
88 0.96 0.99 — 0.92 
89 0.95 0.94 1.00 1.00 
90 0.95 0.96 1.00 1.00 
91 0.90 0.89 0.98 0.97 
92 0.95 0.94 1-00 1.00 — — 
93 0.92 0.93 0.95 0.94 
94 0.81 0.94 0.94 0.85 0.83 
95 0.62 0.93 0.72 0.65 0.83 
96 0.56 0.89 0.65 0.58 0.79 
97 0.55 0.87 0.81 0.73 0.83 
98 0.95 0.97 0.98 0.98 . 
99 0.98 0.97 0.99 0.99 
100 0.98 1.00 1.00 1-00 
— —  
101 0.99 1.00 1.00 1.00 
102 0.95 1.00 0.97 0.97 
103 1.00 1.00 1.00 0.99 0.98 
104 0.97 1.00 0.98 0.96 0.98 
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Table 22. Regions requiring estimates of 19 53 acreages and 
1954 normal yields for specified grains 
Grain 
Region Wheat Corn Cats Barley sorghums 
1 XX s  XX 
2 xx xx 
3 xx xx 
4 xx xx 
5 xx xx 





11 xx xx 
12 xx xx 
13 xx xx 
14 xx xx 
15 xx xx 
16 xx xx 
17 xx xx 
18 xx xx 
19 xx xx xx 
20 xx xx 
21 xx xx 
22 xx xx 
23 xx xx 







aFor cells with no entries (xx), either secondary data 
were available or none of that crop was grown. 
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Table 22. (Continued) 
Grain 






































































































a£g = estimated acreage harvested of the g-th grain 
in the i-th region, 1953; 
AX„ = acreage harvested of the g-th grain in the j-th 
u6 w 
state in which the i-th region is located, 1953; 
= acreage harvested of the g-th grain in the j-th J § 
state in which the i-th region is located, 1954; 
aig = acreage harvested of the g-th grain in the i-th 
region, 1954. 
Regional acreages and state data were obtained from the 
Census (105, County Table 9 and Economic Area Table 3) and 
USDA data (121). The harvested acreages estimated by the 
above method were adjusted for abandonment and cultivated 
summer-fallow to obtain the acreages shown in Table 2, see 
equation (2.22). 
D. Estimated Corn Planted for Silage 
The acres of corn planted for silage in each region, 
1953, was estimated by the following equation: 
53 _ 53 54 , . . 
si — S j Sj_ / aj_ ( A.3) 
c 54 
Sj 
(j = 1, 2, 3, ..., 39) 
(i = 1, 2, 3, . . .,104) 
where 
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5t^  * Sj_ = estimated acres of corn planted for silage in 
the i-th region, 19 53; 
qA. 
sV = acres of corn silage harvested in the i-th region, 
1954 (105, County Table 3); 
in which the i-th region is located, 1954 (114, 
Vol. 31); 
aj_ = average corn harvesting rate in i-th region (see 
preceding Table 21), 1945-54. 
E. Estimated Regional Yields 
In regions for which no year to year data on acreages 
and production were available, the yields were estimated 
from census data (105, County Table 9 and Economic Area Table 
3), USDA data (121). The yields per harvested acre, estimated 
by equation (A.4) which follows, were adjusted for abandon­
ment, cultivated summer-fallow and yield trend to obtain the 
yields given in Table 3, see equation (2.30). 
R3 
Sj = acres of corn silage harvested in the j-th state 
in which the i-th region is located, 1953 (114, 
Vol. 30); 
Sj- = acres of corn silage harvested in the j-th state 
(i = 1, 2, ..., 104) 
(j = 1, 2, ..., 39) 
(g = 1, 2, ..., 5) 
(A.4) 
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estimated 10-year average per acre yield of g-th 
grain in the i-th region; 
per acre yield of the g-th grain in the i-th re­
gion, 1949; 
per acre yield of the g-th grain in the i-th re­
gion, 1954; 
per acre yield of the g-th grain in the j-th 
state in which the i-th region is located, 1949; 
per acre yield of the g-th grain in the j-th state 
in which the i-th region is located. 1954; 
1945-54 average per acre yield of g-th grain in 
the j-th state in which the i-th region is located. 
F. Estimated Yield Trends for "Wheat and Feed Grains 
Estimated yield trends* for the 1937-54 period were de­
rived for each state by fitting the regression equation Y = 
a + bX (where Y = yield, X = year, 1937 = 1, and a and b are 
constants to be estimated by the method of least-squares). 
For crops in states with negative b estimates, it was assumed 
that all these b !s were equal to zero. The negative b values 
are explained by the influence of severe droughts in some 
areas during the latter part of the time series. Equations 
were fitted for states rather than regions because continuous 








time series data are not available for the programming re­
gions. The trend adjustment factor for each grain by regions 
was computed by assuming the following relationship: 
where 
T ig  = estimated trend adjustment factor for g-th grain 
in i-th region; 
grain in j-th state in which i-th region is 
located; 
Yjg = 1945-54 average yield of g-th grain in j-th state 
in which i-th region is located (121, 155). 
G. Estimated Feed Grain Conversion Factors 
The corn-equivalent conversion factors for wheat, oats, 
barley and grain sorghums were estimated from data derived by 
Jennings (56, Table 27 snd 53, Table 1). To obtain these 
estimates, the relative feed value of each grain was multi­
plied by the number of grain consuming livestock-units con­
suming each grain. Specifically, each conversion factor is 
the relative feed value of the grain for the various kinds of 
livestock weighted by the numbers of livestock usually con­
suming each grain. These estimated conversion factors, 
(g = 1, 2, 3 




(i = 1, 2, 3, . 104) 
= estimated (Y = a +• bX) 1954 normal yield of g-th 
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presented previously in Section III E 1, are 1.121, 0.495, 
0-791 end 0.985 for wheat, oats, barley and grain sorghums, 
respectively. 
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X. APPENDIX B. NOTES AND SUPPLEMENTARY DATA 
FOR PRODUCTION COSTS 
A- Land 
After the per acre value of land and buildings for sev­
eral types of farms (cash grain, livestock and crop and live­
stock) had been compiled (105 Economic Area and County Table 
1), it was observed that in regions of specialized livestock 
production such as dairy and beef feeding, the estimated 
average per sere value of these farms tended to be higher 
than the average per acre value of cash-grain farms. Also, 
for the regions in which the predominant enterprise is beef 
grazing these values tended to be lower than those on cash-
grain farms. Since the objective was to obtain a per acre 
value of land suitable for grain production, the estimated 
per acre value of cash-grain farms appeared to be the best 
estimate of the value of this land. These values are pre­
sented in Table 23. 
The interest and tax rates used to compute land costs 
are presented also in Table 23. Because farm mortgage inter­
est rates for each state were not available for 1954 but only 
for 1950, the interest rates listed in Table 23 are 1950 
adjusted interest rates (108). The 1950 rates were adjusted 
by the ratio of (a) the 1954 farm mortgage interest rate to " 
(b) the same rate for 1950 (110, 1956). A different ratio 
was used for the several geographic areas listed in (110, 
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Table 23. Average per acre value of cash-grain farms, and 
Interest and tax rates, by regions 
Per acre Interest rate Tax rate 
Region value per dollar per dollar 
(dollars) 
1 111 0.048 0.018 
2 147 0.049 0.011 
3 101 0.049 0.006 
4 127 0.049 0.006 
5 109 0.049 0.005 
6 80 0.053 0.005 
7 105 0.053 0.004 
8 85 0.053 0.004 
9 100 0.053 0.004 
10 149 0.051 0.004 
11 79 0.052 0.005 
12 82 0.053 0.005 
13 110 0.051 0.005 
14 48 0.053 0.005 
15 67 0.052 0.005 
16 119 0.050 0.005 
17 62 0.050 0.005 
18 72 0.050 0.005 
19 73 0.048 0.006 
20 66 0,051 0.006 
21 99 0.049 0.006 
22 57 0 .050 0.007 
23 80 0.050 0.008 
24 114 0.050 0.008 
25 130 0.047 0.008 
26 98 0.047 0.008 
27 167 0.047 0.008 
28 228 0.047 0.008 
29 85 0.045 0.008 
30 131 0.045 0.009 
31 226 0.045 0.008 
32 201 0.045 0.008 
33 180 0.048 0.007 
34 153 0.048 0.007 
35 55 0.042 0.018 
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Table 23. (Continued) 
Per acre Interest rate Tax rate 
Region value per dollar per dollar 
36 171 0.042 0.018 
37 267 0.043 0.012 
38 339 0.043 0.012 
39 90 0.043 0.012 
40 96 0.043 0.012 
41 129 0.047 0.007 
42 70 0.047 0.007 
43 121 0.046 0.009 
44 150 0.042 0. 013 
45 241 0.042 0.012 
46 171 0.043 0.013 
47 117 0.043 0.014 
48 113 0.044 0.014 
49 - 51 0.044 0.014 
50 71 0.044 0.012 
51 38 0.044 0.012 
52 30 0.044 0.012 
53 28 0.044 0.012 
54 38 0.044 0.012 
55 23 0.043 0.012 
56 41 0.043 0.012 
57 67 0.043 0.012 
58 39 0.043 0.012 
59 74 0.043 0.012 
60 141 0.043 0-012 
61 50 0.042 0.011 
62 68 0.044 0.011 
63 79 0.042 0.011 
64 74 0.042 0.011 
65 140 0.042 0. Oil 
66 107 0.042 0.011 
67 73 0.042 0.011 
68 69 0.042 0.011 
69 96 0.042 0.011 
70 67 0.042 0.011 
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Table 23. (Continued) 
Per acre Interest rate Tax rste 
Region value per dollar per dollar 
71 99 0.042 0.011 
72 134 0.042 0.011 
75 80 0.042 0.011 
74 72 0.042 0.011 
75 68 0.046 0.060 
76 99 0.046 0,060 
77 72 0.046 0.060 
78 90 0.046 0.060 
79 86 0.046 0.006 
80 98 0.046 0.005 
81 72 0.046 0.005 
82 81 0.046 0.005 
83 65 0.046 0.005 
84 99 0.046 0-005 
85 162 0.046 0.005 
86 99 0.046 0.005 
87 106 0.046 0.005 
88 106 0.046 0.005 
89 29 0.046 0-009 
90 50 0.046 0.009 
91 15 0.046 0.009 
92 27 0.046 0.009 
93 36 0.047 0.008 
94 49 0.048 0.011 
95 41 0.048 0.011 
96 41 0.048 0.011 
97 59 0.048 0.003 
98 73 0.046 0.010 
99 66 0.049 0.008 
100 109 0.048 0.008 
101 79 0.048 0.006 
102 51 0.048 0.006 
103 203 0.048 0.009 
104 133 0.048 0.009 
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1956). 
The estimated annual per acre cost of land for each 
region is shown in Table 24. 
3. Acre-Element Weights 
The weights (proportions) for the acre-elements were 
estimated by three steps. First, pî^'s were estimated - These 
are defined as the crop acre component weights, see equations 
(2.26) and (2.27). Next, p<^'s were estimated. These are 
the several production technique weights, also see equations 
(2.26) and (2.27). Finally, the product of each p^g and p^g 
is equal to Pj_g^« Hence, these weights were assumed to be 
independent. 
The p'|«s were derived by dividing the acreage components 
for each crop (i.e., planted acreage harvested, not irrigated; 
planted acreage abandoned; planted acreage harvested, irri­
gated;* and acreage planted on cultivated summer fallow**) by 
the total acreage of each crop, see Table 2. 
1 Tr 
The Pig's were more difficult to estimate. The method 
used was decided upon after several possible methods were 
explored. This method is outlined below: 
*From the Census (105, County Table la). No abandonment 
was assumed. 
**From the Census (105, Economic Area Table 1). 
Table 24. Estimated annual per acre regional land costs 
(rents) for grain production, 1954 
Region Annual cost Region Annual cost 
(dollars per acre) 
1 7.37 31 11.99 
2 8.81 32 10.62 
3 5.59 33 9.97 
4 7.03 34 8.46 
5 5.91 35 3.33 
6 4. 58 36 10.30 
7 6.08 37 14.70 
8 4.84 38 18.70 
9 5.73 39 4 . 9 7  
10 8.29 40 5.31 
11 4.46 41 7.03 
12 4. 73 42 3.77 
13 6.12 43 6.66 
14 2.77 44 8.03 
15 3.83 45 13.01 
16 6.48 46 9 . 5 5  
17 3.40 47 6.69 
18 3.92 48 6.46 
19 3.88 49 2.92 
20 3.71 50 4.06 
21 5.41 51 2.13 
22 3.27 52 1.69 
23 4.60 53 1 . 5 9  
24 6.58 54 2.12 
25 7.12 55 1.28 
26 5.38 56 2.23 
27 9.14 57 3.68 
28 12.50 58 2.14 
29 4.60 59 4.08 
30 7.14 60 7.65 
*These values may not check with the figures in Table 23 
due to rounding. 
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Table 24. (Continued) 
Region Annual cost Region Annual cost 
61 2.66 86 5.00 
62 3.71 87 5.36 
63 4.20 88 5.40 
64 3.95 89 1.60 
65 7.41 90 2.76 
66 5.62 91 .82 
67 3.84 92 1.51 
68 3.66 93 1.96 
69 5.07 94 2.88 
70 3.55 95 2.40 
71 5.22 96 2.40 
72 7.07 97 2.98 
73 4.21 98 4.08 
74 3.81 99 3.77 
75 3.53 100 6.14 
76 5.16 101 4.26 
77 3.75 102 2.73 
78 4 .65 103 11.61 








I. The acres of annual use for combines and corn pickers 
derived from data compiled by Brodell snd others (18 
and 21) are the best available estimates of the 
annual use of these machines by states for 1954. 
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2. For any proportion of a particular grain acreage 
that is estimated to have been harvested by a corn 
picker or combine, the preharvesting operations are 
by tractor power -
3. Preharvest operations are performed either by trac­
tor power or animal power, not both. 
4. The difference between (a) the proportion of the 
acreage estimated to have been tractor tilled and 
(b) the proportion estimated to have been harvested 
by a combine or corn picker is assumed to have been 
snapped from standing stalk (corn) or cut with a 
binder and threshed (small grain). 
The following estimates were made as a first step: 
Mj_E = estimated proportion of the acreage of the g-th 
grain harvested by mechanical method (corn picker 
or combine) in the i-th region; 
Tj_g = estimated proportion of the g-th grain acreage 
tilled by tractor power in the i-th region, 
(i = 1, 2, ..., 104) 
( g = 1, 2, • • • , 5) 
The Mj_g' s, briefly, were estimated as follows: 
For corn, the method was : First, the estimated annual 
use of corn pickers (21) for each state was multiplied by 
the number of corn pickers on farms in 1954 which gave an 
estimate of the total acreage of corn picked by pickers in 
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each state in 1954. Then, if the estimated acreage picked 
mechanically was equal to or greater than the acreage harvest­
ed in a particular state in 1954, all of the corn in a par­
ticular state was assumed to have been harvested mechanically. 
When the estimated state acreage picked was less than the 
quantity harvested in 1954, regional estimates of the acreage 
picked by corn pickers were made for each region in the state 
by multiplying the number of corn pickers in each region by 
the estimated acres of use in the relevant state- Due to 
inconsistencies in some states, perhaps caused by differences 
in size of equipment, certain regional estimates were adjust­
ed . In these situations, the predominant grain areas in each 
state were assumed to be 100 percent harvested by corn pick­
ers, and the general farming areas in the state received the 
residual of the estimated acreage picked for the state. 
For small grains, the method was: The estimated annual 
use per combine (18) for each state was multiplied by the 
number of combines on farms for the state; this gave an 
estimate of the total acreage combined in 1954. The pro­
portion of all crops harvested by combines in 1950 that was 
accounted for by the harvesting of wheat, oats, barley and 
grain sorghums was obtained from (18) for each state. This 
proportion was multiplied by the estimated total acres com­
bined in 1954 which gave an estimate of acres of wheat, oats, 
barley and grain sorghums combined in each state for 1954. 
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If the estimated acreage combined was equal to or greater 
than the acreage harvested, the acreage in each region within 
the state was assumed to have been combined. When the esti­
mated acreage combined was less than the acreage harvested 
in the state in 1954, the proportion harvested in the region 
was estimated by: 




. harvested by , 







/Acres of wheat, x 




\state, 1950 / 
ZAcreage of wheat, oats, barley] 
I and grain sorghums harvested J 
\in region, 1954 ' 
If the data (18) indicated decided differences in the 
percentages of harvested acres combined for each of the 
small grains for regions with estimates of less than 100 
percent combining, the proportion combined of each grain was 
estimated by multiplying the 1950 state proportion of each 
(18) by a constant that exhausted the estimated proportion all 
small grains harvested by combines in the region; this pro­
portion was estimated by the above equation. 
The acres of use per corn picker were derived from data 
of Brodell and others (21) by dividing the estimated number 
of acres picked by corn pickers in 1951 by the number of 
corn pickers on farms in 1951, for each state. 
The acres of wheat, oats, barley and grain sorghums 
combined in each state ner combine were derived from data of 
271 
Brodell and others (18) by dividing the total acreage of 
wheat, oats, barley and grain sorghums combined in IS50 by 
the number of combines on farms in 1950. 
The T1 1 s were estimated as follows: First, a ratio of 
-Lg 
the difference between (a) the total farms in a programming 
region and (b) the number of farms with horses and mules only 
to the total number of farms in each region was computed (105). 
Then, the resultant ratio was multiplied by an arbitrary 1.05. 
This constant would generally bring the estimated acreage 
tilled by tractors up to 100 percent in regions where esti­
mates of harvesting methods indicated that all the grain 
acreage was tilled by tractor power (by assumption 2 above). 
I V 
With the above M^g's and -j_g's  then the p^g's were esti-
. I y 
mated (where the p^g = the proportion of g-th grain produced 
by k-th technique in the i-th region), 
where 
k = 1, 2, 3 
and 
k = 1 = mechanical 
k = 2 = semi-mechanical 
k = 3 = non-mechanical 
The method was 
If Mj_g = 1.0, then 
= 0; 
= 0. 
If T lg  = 1.0 and M lg  
Plg - V 
Pig = Tig " %lg: 
Plf = 0. 
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1.0, then 
If Tj_g < 1.0 and M ig  ^ T ig, then 
lg " ^-g 
ig = Tig ~ 4.; 
pi: = i-o - ?i, 
C. Labor 
A general description of the method used to estimate 
lacor costs was given in Section III D 2- A few additional 
details in regard to wage rates are given here. 
Hourly wage rates on cash-grain farms were selected as 
the best estimates of regional per hour labor costs. Although 
hourly wage rates are an imperfect measure due to the payment 
of higher wages to seasonal employees who are usually paid 
on an hourly basis, the alternative weekly or monthly rates 
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may have greater bias, since the average number of hours 
worked is not available and perquisites received by the em­
ployee are not included in these rates. Average hourly wage 
rates were estimated as follows: 
•jfC a 




= estimated average wage rate on cash-grain farms in 
the i-th region, 1954; 
w|- = average wage rate on all farms in the i-th region, 
1954 (105, Economic Area Table 12); 
0 Wj = average wage rate on cash-grain farms in the j-th 
state in which i-th region is located, 1954 (105, 
State Table 10); 
Wj = average wage rate on all farms in the j-th state 
in which the i-th region is located, 1954 (105, 
State Table 10). 
Estimated regional labor costs for each grain are pre­
sented in Table 25. The costs shown in this table are for 
composite acres, see Section III D. 
Table 25. Estimated per acre regional labor costs for wheat 
and feed grains, 1954®-
G-rain 
Region Wheat Corn Oats Barley sorghums 
(dollars per acre) 
1 6.37 8.67 6.35 6.32 — —  
2 3.62 6.09 3.60 3.62 — — 
3 4.54 6.17 4.48 4.54 
4 4.98 8.54 4.95 4.98 — — 
5 3.28 7.25 3.28 3.28 
6 3.40 5.69 3.39 3.39 
7 6.59 13.94 6.59 6.60 —  —  
8 5.67 7.95 5.67 5.67 — —  
9 3.23 10.32 3.23 3.23 — 
10 4.72 8.98 4.73 4.72 
11 4.72 12.35 4.71 4.73 
12 5.04 8.73 5.02 5.04 m——» 
15 4.17 9.20 4.17 4.17 
14 4.23 9.53 4.15 4.24 —-— 
15 — —  11.83 4.65 — —  
16 9.50 13. 55 9.39 11.33 
17 7/73 13.49 7.66 — 9.60 
18 6.95 11.48 6.88 —  8.69 
19 6.20 11.61 6.23 —  8.40 
20 5.26 10.01 5.22 5.23 
21 3.34 8.54 3.30 3 .34 
22 4.78 9.16 4.77 4.79 — —  
23 4.30 9.46 4.28 4.30 
24 5.78 7.01 5.76 5.78 1 
25 5.09 11.08 3.72 3.70 
26 5.13 8.03 3.76 3.73 
2? 7.06 10.09 5.61 5.57 — 
28 5.46 9.06 4.04 4.02 —  —  
29 5.33 10.45 3.93 3.90 
30 2.70 3.99 2.27 2.26 —  —  
aThese costs are based on a composite acre, see Section 
III D. 
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Table 25. (Continued) 
Grain 
Region tih.es t Corn Oats Barley sorghums 
51 3.20 5.14 2.25 2.63 — 
32 3.13 5.16 2.48 2.54 — —  
33 6.40 8.40 5.07 6.36 —  —  
34 7.21 9.65 7.20 7.17 
35 4.49 6.64 5.93 4.51 
36 4.71 9.29 4.73 4.73 
37 4.60 7.29 4.35 4.61 
38 3.37 5.04 2.38 2.34 
39 3.64 5.87 2.71 2.67 —  —  
40 4.34 7.05 3.22 3.18 
41 3.90 6.77 2.81 2.80 4.48 
42 4.37 7.62 3.71 3.53 5.67 
43 4.22 6.43 3.06 4.24 6.80 
44 4.63 7.29 3.49 4.80 
45 4.20 6.25 2.97 2.95 
46 5.42 5.91 3.01 3.01 
47 5.22 8.49 6.19 5.32 — —  
48 3.89 7.36 2.76 3.91 —- — 
49 3.78 7.20 4.69 3.83 — —  
50 1.99 5.52 2.58 2.57 
51 1.92 4.31 2.32 2.31 
52 1.99 4.42 2.70 2.69 
53 1.99 4.20 2.39 2.38 — — 
54 2.01 4.65 2.34 2.33 — 
55 1.70 3.91 1.98 1.97 —  —  
56 1.98 4.20 2.14 2.14 
57 ' 2.53 6.57 3.13 3.13 — —* 
58 1.81 4.32 2.19 3.15 —  —  
59 3.36 6.30 2.79 4.06 —  —  
60 3.21 5.48 2.54 3.38 5.07 
61 1.51 4.73 2.15 2.17 4.57 
62 1. Ù l  6.46 3.14 4.05 3.69 
63 1.31 6.79 2.03 2.12 5.88 
64 1.38 6.90 2.96 2.71 5.15 
65 3.25 6.49 2.70 2.56 4.74 
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Table 25. (Continued) 
Grain 
Region ^heat Corn Oats Barley sorghums 
66 3.37 6.25 2 .55 2-36 4.61 
67 4.66 8.51 3.71 3.51 6.73 
68 5.42 8.10 4.24 5.25 6.07 
69 4.44 7.69 3 .12 4.35 6.65 
70 1.61 5.30 1.91 1-81 4.35 
71 2.04 5.44 2.11 2.02 4.58 
72 2.14 5.64 2.20 2.11 4.75 
73 1.69 3.66 2.08 1.93 2.92 
74 1.16 6.89 1.80 1.80 2.85 
75 5.02 7.17 5.37 5-10 6.13 
76 2.31 6.03 2.36 2.26 5.84 
77 1.46 3.50 1.70 1.64 2.14 
78 3.08 7.32 3.37 3.28 5.61 
79 0.86 2.87 0.91 0.91' 0.92 
80 1.40 3.25 1.70 1.66 2.91 
81 0.80 2.84 0.90 0.90 0.91 
82 0.90 2.63 0.87 0.87 1.27 
83 0.96 3.21 1.01 1-01 1.02 
84 0.70 2.76 0.87 0.87 0.88 
85 1.78 5.72 — 3.20 
86 0.72 3.39 1.12 1.12 1.75 
87 1.90 7.44 — —  3.33 
88 2.00 5.38 3.41 
89 1.68 5.57 3.38 3.19 —  —  
90 2.07 5.39 8.11 4.97 
91 1.35 4.04 3.66 3.12 
92 1.97 6.02 9.28 6.98 — —  
93 1.54 4.37 2.50 3.39 —  —  
94 0.92 3.17 1.39 1.35 2.02 
95 0.94 6.94 3.29 4.33 5.33 
96 0.63 3.72 2.25 1.62 2.51 
97 0.90 7.28 5.71 5.54 5.31 
98 2.71 mm — 11.76 7.00 — — 
99 2.37 16.02 12.87 12.87 — — 
100 2.20 31.41 3.58 3.70 
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Table 25. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
101 1.53 20.41 3.22 4.14 
102 1.98 26.22 8.31 6.71 
103 1.91 16.83 2.30 2.65 10-11 
104 1.49 9.97 1.43 2.35 2-22 
D. Power and Machinery 
An outline of the method used to estimate power snd 
machinery costs was presented in Section III D 2- The methods 
used to compute the per acre or per hour cost of each power 
of machinery item are given in this section together with the 
methods used to derive the supporting data. 
The following formulae were used to estimate the regional 
per acre or per hour cost of tractors or implements: 
_ 
Pim " °'1Pim (A.7) 
?%im 
Pim + O'lPlrn . . "im 
2 AtJim 
pim + 0'lpim Ti 
2 
Pim+ ' im . Ti 
(A.8) 








AU z m  
(A.12) 
Fuel = 0.7 fâ hfm (HP)n 




P lm = price of the m-th machine in the i-th region, 1954; 
TUim = total life in hours or acres of the m-th machine 
in the i-th region, 1954; 
AUiui = annual use in hours or seres of the m-th machine 
in the i-th region, 1954; 
Tj_ = machinery tax rate in the i-th region, 1954; 
= machinery insurance rate in the i-th region, 1954; 
Km = a constant for the m-th machine, an estimate of 
the relationship of the original cost of the machine 
and the annual greasing cost over the life of the 
machine; 
Cm = a constant for the m-th machine, an estimate of 
the relationship between the annual repair cost 
and the original cost of the machine over the 
life of the machine ; 
f= estimated price of gasoline in the i-th region; 
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à?m = estimated hours of use per acre of the m-th machine 
required for the g-th crop in the i-th region; 
Oj_ = estimated price of oil in the i-th region; 
(HP)m = estimated horsepower of the m-th machine in the 
i-th region. 
It is evident in the above formulae that either a cost 
per sere or a cost per hour was determined for each machine. 
Only for motorized machines was the cost first computed on a 
per hour basis then multiplied by an estimate of the hours 
of use required per acre. This method was used as a matter 
of convenience in estimating fuel and oil costs and, also 
due to the method used to estimate the annual use of trac­
tors. Though this method appears in part contrary to the 
example given in Section III D 3, it is equivalent. This 
is true due to the method used to estimate annual use for 
equipment other than motorized machines. (See following 
paragraphs on annual use.) 
When animal power was the method used to produce grain 
rather than tractor power, the hours required per acre were 
derived in the same manner used to estimate tractor use. 
Then, the hours were multiplied by the cost per hour for 
animal power. 
The estimated per acre power and machinery cost for each 
grain, derived by the above equations, certain data that could 
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not be presented here due to limited space and equation 
(2.-31), are presented in Table 26. 
It is evident in the above equations that a considerable 
amount of searching and estimating was necessary to "fill in 
the coefficients". It will be evident in the following dis­
cussion of methods used to estimate these coefficients that 
many times seemingly arbitrary methods were used. However, 
none of these methods were employed without first investigat­
ing several possibilities. 
Specific basic data required to estimate machinery and 
power cost by the above equations are: sizes, prices ; annual 
use, total life; interest, tax, insurance, grease and repair 
rates; fuel and oil consumption rates and animal power costs. 
Descriptions of the methods used to estimate these data 
follow in the above order. 
Necessary for the estimation of machinery prices were 
estimates of the modal machinery sizes used for each acre-
element and grain in each region. The modal machinery sizes 
(machine size used most frequently) for each production tech­
nique were obtained by tabulating modal machine sizes used 
in each region as reported in USDA study (156), survey forms 
(see Section XIII) and publications of agricultural experi­
ment stations (38, 44, 57, 63, SO, 97, 100). When the same 
modal size was obtained from two or more sources, that size 
was assumed to be the best estimate. 
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Table 26. Estimated per acre regional power and machinery 
costs for wheat and feed grains, 1954a 
Grain 
Region Wheat Corn Oats Barley sorghums 
(dollars per acre) 
1 13.50 15.72 13.45 13.36 —  —  
2 14.89 16.17 14.73 14.93 — —  
3 14.82 10.99 14.58 14.79 —  —  
4 13.28 12.63 13.17 13.26 — —  
5 12.51 11.99 12.48 12.48 
6 13.42 10.91 14.75 13.30 
7 15.90 13.90 15.96 15.91 — — 
8 14.16 14.48 14.15 14.16 
9 14.70 12-19 14.68 14.70 — — 
10 11.76 10.43 11.76 11.76 
11 13.92 10.52 13.96 13.93 
12 11.18 9.59 11.25 11.26 
13 11.23 9.82 11.23 11.23 — 
14 13.60 10.85 13.21 13.60 — — 
15 9.35 12.51 
— —  
16 11.68 11.22 11.56 12.03 
17 14.03 10.05 13.85 — — 15.69 
18 14.57 11.22 14.39 15.84 
19 10.94 10.41 10.99 —  —  13.10 
20 15.18 12.60 15.04 15.09 
21 13.41 11.29 12.36 13.41 
22 13.73 13.94 13.70 13.75 — —  
23 17.24 12.83 17.14 17.23 — — 
24 15.84 14.10 15.77 15.83 — — 
25 13.15 13.89 10.52 10.45 
26 15.11 16.23 11.74 11.67 
27 13.88 14.38 11.40 11.32 —  —  
28 '12.51 15.53 10.50 10.42 
29 12.86 12.54 10.48 10.41 — — 
30 11.53 10.38 11.10 10.93 — — 
aThese costs are based on a comnosiue acre, see Section 
III D. 
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Table 26. (Continued) 
Grain 
Region VJheat Corn Oats Barley sorghums 
31 12.48 13.23 10.89 10.79 
32 10.18 15 • 83 9.42 9.64 —  —  
33 14.79 15.07 12.59 14.69 —— 
34 16.37 15-27 16.36 16.24 —  —  
35 13.00 16.59 13.16 13.06 
36 12.58 15.04 12.66 12.65 
37 10.67 11.75 10.41 10.84 — —  
38 8.94 8.89 7.64 7.51 — —  
39 11.32 9.65 9.71 9.54 — — 
40 10.01 10.98 8.40 8.26 
41 10.55 11.07 8.91 8.85 11.36 
42 9.61 10.24 9.15 8.43 10.82 
43 9.73 9-87 8.09 9.71 12.44 
44 9.37 10.57 8.05 9.87 —  —  
45 7.59 9.82 6.30 6.17 
46 8.77 11-17 7.32 7.27 
47 8.82 12.51 10.36 8.98 —  —  
48 7.37 10.31 6.02 7.45 — —  
49 7.39 12-94 8.76 7.51 — —  
50 5.64 11.48 8.70 8.25 —  —  
.51 4.38 13.19 5.95 5.91 
52 3.71 14.85 5.51 5.47 — —  
53 5.06 11.89 6.52 6.48 — —  
54 6.00 11-15 7.30 7.26 
55 4.22 7.34 5.36 5.31 — 
56 4.96 7.07 5.53 5.53 
57 7.15 10.13 9.15 9.14 — —  
58 4.75 6.74 5.97 5.92 —  —  
59 6.05 9.10 6.09 7.46 — — 
60 6.78 6.55 6.52 7.10 7.44 
61 5.56 9.26 8.51 8.02 10.68 
62 5.67 10.58 9.14 8.94 11.11 
63 8.50 9.31 13.11 12.23 14.04 
64 4.63 8.03 7.88 7.38 10.10 
65 7.75 8-04 7.78 7.26 8.61 
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Table 26. (Continued) 
.Grain 
Region V»heat Corn Oats Barley sorghums 
66 10.21 9.04 9.24 8.44 10.38 
6? 9.58 10.72 8.45 7.76 11.77 
68 10.64 10.89 9.19 9.94 10.88 
69 9.35 10.44 7.7S 8.85 11.84 
70 6.57 9.58 7.92 7.23 11.48 
71 7.72 11.93 7.99 7.25 11.91 
72 6.48 11.77 6.62 6.11 10.53 
73 4.00 6.97 5.12 4.72 6 .93 
74 2.66 7.87 4.13 3.91 5.40 
75 9.63 10.59 10.25 9.57 11.19 
76 6.44 14.00 6.53 6.06 10.86 
77 4.12 9.21 4.86 4.57 6.48 
78 7.19 10.56 7.82 7.43 11.18 
79 6.15 12.55 6.84 6.10 9.29 
80 2.76 12.38 3.77 3.63 4.92 
81 4.64 8.35 6.48 5.69 6.59 
62 3.17 14.43 5. 58 5.10 5.71 
83 6.00 9.24 7.42 6.81 7.16 
84 4.39 6.70 6.78 6.12 7.21 
85 5.32 7.96 — 9.62 
86 3.98 10.58 8.00 6.84 11.29 
87 5.77 7.59 —  —  — 9.59 
88 4.26 6.75 —  —  —  — - 6.54 
89 3.02 26.28 5.11 5,04 — 
90 4.28 29.96 8.86 8.17 — —  
91 4.95 29.76 8.61 8.24 
92 6.41 37.94 12.70 12.07 — —  
93 6.86 16-36 11.66 11.72 
94 4.39 8.17 7.75 7.27 8.53 
95 6.43 12.51 10.91 10.35 13.36 
96 2.86 9.53 7.49 7.11 9.93 
97 3.08 7.83 8.56 8.04 9.73 
98 6.97 — 12.05 11.59 — — 
99 7.29 27.10 14.69 14.69 — — 
100 6.67 8.89 10.36 10.35 — —  
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Table 26. (Continued) 
Grain 
Region ¥ne at Corn Oats Barley sorghums 
101 4.59 10.92 7.82 7.89 
102 5.46 26.00 12.22 9.87 
103 6.75 10.54 9.06 9.04 11.04 
104 5.29 10.62 5.32 7.58 7.20 
An extensive search for machinery price data led to the 
conclusion that the state prices listed in Crops and Markets 
for 1954 (114, 1954) were the best available estimates of 
prices for the specified size and type of equipment. How­
ever, only a fraction of machinery prices needed are listed 
there, but a nearly complete list of the particular machin­
ery prices required for this study was available for Mew 
Mexico.* Thus, prices in Crops and Markets and the New Mexico 
prices were used as a basis for the estimation of all prices. 
The procedure used to estimate machinery prices was: 
Ratios were computed for the Crops and Markets price and the 
New Mexico price for each particular size and type machine 
that was listed in both. When these ratios were not equal 
to one (l.O), the New Mexico prices for all sizes of a par­
ticular type of machine were multiplied by the computed ratio. 
*John Thomas, Dept. of Agr. Econ., New Mexico A. and M. 
College, State College, New Mexico. Information on machinery 
prices. Private communication. 1957. 
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For example, if the price of a seven-foot tandem disk in 
Crops and Markets for New Mexico was listed at 200 dollars 
and the same disk was 240 dollars in the New Mexico price 
list, the prices of all sizes of disks in the New Mexico 
list were multiplied by 5/6. Next, ratios of each other 
state price to the New Mexico price were computed for each 
machine listed in Crops and Markets. These ratios were used 
to estimate the prices of all sizes and types of machines in 
states other than New Mexico. Another example will serve to 
explain the method: Suppose that (a) the seven-foot disk 
prices in Iowa and New Mexico, as given in Crops and Markets 
were 220 and 200 dollars, respectively, and (b) the adjusted 
10-foot disk price in New Mexico price list was 300 dollars ; 
then the estimated Iowa price would be: 
000 . 300 = 330 dollars. 
Farm gasoline prices were obtained by subtracting the 
state gasoline tax (110, 1955, p. 491) from state gasoline 
prices (114, 1954, p. 105). Oil prices per gallon were also 
from (114, 1954, p. 105) • 
The first step in estimating total life in hours or acres 
for the necessary machinery and equipment was the estimation 
of the total years of life. For this step numerous publica­
tions of state agricultural experiment stations were reviewed 
(22, 27, 31, 33, 38, 44, 57, 50, 75, 97, 100) and the USDA 
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( 11, 12, 20). The estimated years of life were tabulated by 
geographic areas and compared. The comparisons revealed that 
the differences in the estimates within areas (Northeast, 
Appalachian, etc.) were comparable to the differences between 
areas. Hence, all years of life estimates for a particular 
type of machine were averaged for the United States. Then, 
it was assumed that total life of farm machinery was the sole 
function of obsolescence. Consequently, total life of a 
particular machine in hours or acres is the product of annual 
use (in hours or acres) and total life in years. 
Data on the annual use of farm machinery in recent years 
is nearly nonexistent; hence, these data had to be estimated. 
Various means were investigated before deciding upon the 
method used. 
The method and equations used to estimate annual use of 
plows, disks, harrows and cultivators follow: 
p ^ 




p = plow; 
d = disk; 
r = harrow; 
c = cultivator; 
U? = estimated annual acres of use per plow in i-th 
j_ * 
region; 
Hj_ = acres of non-hay crops harvested in i-th region, 
1954; 
a? = estimated proportion of non-hay crops "normally" 
requiring the use of moldboard or diskplow, in the 
i-th region; 
Pj_ = estimated number of plows in i-th region, 1954 ; 
D., = estimated number of disks in i-th region in 1954; 
Rj_ = estimated number of harrows in i-th region in 1954; 
Cj_ = estimated number of cultivators in i-th region in 
1954; 
Pi = Di = Ri = Ci-
The a^'s were estimated for each state first, then 
these a^'s were used to estimate to this proportion for re­
gions within each state. For states, aj1 s were estimated by 
q P 
a? = (j = 1,.2, 3, 39) (A.19) 
j 
( q = 1, 2, 3, . . ., 59) 
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where 
h.Qj = harvested acreage of q-th crop requiring the use 
of a moldboard or disk plow in j-th state,. 1954 
(106, pp. 461-880); and 
Hj = total acreage of all crops harvested in j-th state, 
1954 (106, pp. 461-880). 
•3 
In general, fruits and berries were the only crops other 
than hay assumed to not require plowing every year. Fruits 
and berries were assumed to require plowing every twentieth 
and fifth year, respectively. The following crops for the 
specified areas were exempt for plowing: 
Area Crop 
Corn Belt Oats 
Southern Plains Wheat 
Northern Plains Wheat 
Mountain States Wheat 
Pacific States Barley 
In certain cases, these exceptions were used as "bal­
ancers 11 when both plowing and non-plowing of particular crops 
seemed to be the practice rather than an assumption of no 
plowing at all, i.e., in certain areas a fraction of the 
crop was assumed to require plowing. 
Other assumptions: 
(a) All crops except hay require disking and harrowing. 
(b) All row crops require the use of cultivators. 
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Summing over the appropriate hc's and using equation 
(A.19) gave an estimate of the aS, aj, end a°. 
The number of plows (P^) in each region was estimated by: 
?i = ^k -i 
where 
Tx = number of tractors, other than garden, on farms 
in the i-th region, 1954 (105, Economic Area and 
County Table 5); 
b]£ = ratio of plows (moldboard and disk) to tractors 
in k-th Farm Production Region, 1951 (Northeast, 
Corn Belt, etc.) (20). 
In regions of the western range area, data for cash-
grain farms only were used to estimate acres of annual use 
for plows, disk and harrows due to unrealistic estimates ob­
tained when all farms were used. Ranches with tractors and 
only hay harvesting equipment is a possible explanation of 
the unrealistic estimates. Also for western states outside 
the corn and sorghum producing areas, cultivator use was 
estimated by dividing corn acreage harvested by the number 
of farms reporting corn harvested. This method assumes that 
each farm has one cultivator. 
The method used to estimate annual use of corn planters 
and grain drills follows: (The Census, 105, State Table 16, 
County Tables 1 and 9, and Economic Area Tables, 1, 4 and 6, 
is the source of the data used for estimating.) 
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Estimated annual use for corn planters was first computed 
for states. Each cash-grain farm was assumed to have at least 
one corn planter. Then the annual use was estimated as 
follows : 
Estimated acres of 
annual use for 
corn planters, 
in j-th state 
( j  = 1 ,  2 ,  3 ,  3 9 )  
/Acres of all corn and grain 
I sorghums harvested on cash-
\ grain farms, .1-th state, 1954/ 
Number of cash-grain \ 
farms, j-th state, 1954/ 
State data were used for the preliminary estimate be­
cause cash-grain farm data are not available for a smaller 
geographic unit. In keeping with the general policy of esti­
mating differences between programming areas within a state, 
estimates of annual use of corn planters for the states were 
adjusted to estimate annual use for regions by the following 
formula: 
Estimated acres 
of annual use for 
corn planters, in 
i-th region 
'Acres of 
annual use for 
corn planters, 
^j-th state j 
x 
Acres of all corn and grain\ 
sorghums, i-th region I 
Number of farms, i-th region/ 
/Acres of all corn end grain\ 
I sorghums, j-th state I 
\Number of farms, j-th state/ 
(i = 1, 2, 3, ..., 104} 
Some of the estimates made by the above method were 
apparently too low. Therefore, an alternative method was 
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used. This method assumed the following relationship: 
(Acres of all corn and grain 
/ Estimated acresX \sorghums harvested, i-th region 
l ïîth^eSon86' J " /Number of farms reporting \ 
6 I corn ana grain sorghums I 
Xharvested, i-th region ' 
The larger figure estimated by the two methods was chosen 
as the best estimate of annual use for corn planters. This 
choice will naturally give estimates with an upward bias if 
farms have more than one corn planter. However, some of the 
estimates appeared to be in the opposite direction. 
The same method was used to estimate the acres of annual 
use for grain drills as that used for corn planters; however, 
wheat, oats and barley were the crops used for estimation 
rather than corn and grain sorghums. 
Annual use of tractors in hours was first estimated for 
each state; then, these were used to estimate tractor use for 
regions within eacn state. The relationship used to estimate 
average annual use of tractors in each state was: 
/Average tractor fuel con-\ 
sumption in gallons, j-th | 
/Hours of annual use,\ ystate, 1954 (17) 
\ j-tn state, 1954 ) / Tractor fuel consumption^ 
I gallons per hour, j-th J 
xstate, 1954* ' 
(j = 1, 2, 3, ..., 39) 
Estimates of annual acres of use for combines were 
*See following paragraph on fuel consumption rates. 
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derived by dividing the estimated acres of small grains, flax 
and beans harvested, 1954, in a region* by the total number of 
combines in the region, 1954. Annual acres of use for corn 
pickers were estimated in the same manner, except, of course, 
corn acres and corn pickers were used. 
From data in the survey questionnaires (see Section 
XII) it was possible to estimate annual use of trucks in 
miles. It was assumed the farm trucks travel at the rate 
of 30 m.p.h. Because data were scant, the mean of esti­
mated annual use of trucks in hours for all states was used 
as the best estimate for each region. This figure was 229 
hours per year. Estimated annual use in hours for wagons 
was also the mean of all questionnaire estimates. This esti­
mate was 649 hours per year. For manure spreaders, 100 hours 
of annual use was the estimated figure (from survey, see 
Section XII). 
Lacking sufficient annual use data for tractor equipment 
other than that already noted, the acres or hours of annual 
use of these machines were assumed to be the same as similar 
equipment or equipment used for similar operations. The fol­
lowing identifications were made: 
drag, field cultivator, tool bar and rodweeder 
use = harrow use; 
*See previous Section X B, on acre-elements for esti­
mated acres of use. 
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cultipactor use = disk use; 
rotary hoe use = cultivator use; 
lister and shredder use - corn planter use; 
windrower use = combine use; 
one-way and disk plow use - moldboard plow use; and 
endgate seeder use = grain drill use. 
Acres or annual use for animal-drawn farm machinery were 
first estimated for the states; then, these were used to esti­
mate annual use for regions within each state. Estimated 
acres of annual use for animal-drawn equipment by states were 
obtained from data of B rod ell and Cooper ( 11) and Byers (22). 
Interest rates for farm machinery were estimated by 
three steps as follows: (a) The 1956 intermediate-term loan 
interest rate for farm machinery was obtained from (103, 
Table 9). (b) This interest rate was adjusted to the 1954 
level by the ratio of (aa) the production credit interest 
rate for 1954 to (bb) the same rate for 1956 (110). (c) 
Finally, the machinery interest rate for each state was esti­
mated by multiplying (aa) the national machinery interest 
rate by (bb) the ratio of the state farm mortgage interest 
rate to the national farm mortgage interest rate (110). 
Insurance rates of both private stock companies and 
farm mutual companies were used to estimate machinery insur­
ance rates. Mutual insurance company and private stock com­
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pany rates for each state were weighted by two-thirds and 
one-third, respectively. Then, to obtain s rate that could 
be applied to the value of farm machinery to derive an in­
surance cost, each rate was multiplied by the factor .525 
which assumes that 70 percent of farm machinery is insured 
for 75 percent of its value.* 
In order to estimate machinery tax rates on an actual 
value basis, the national assessed value of farm machinery 
and the 1954 value of machinery on farms were obtained. The 
value of machinery on farms, 1954, in each state was derived 
by allocating the total value of farm machinery in the U. S., 
1954, to a state by the proportion that a particular state's 
farm machinery depreciation was of the total U. S. deprecia­
tion .** Finally, the farm machinery tax rate per assessed 
value, 1954, was multiplied by the ratio of (a) the state 
assessed value of all farm machinery to (b) the estimated 
actual value of farm machinery which gave an estimated tax 
rate per actual machinery value for each state.*** 
*Ralph R. Botts, FERD, ARS, USDA, Washington, D. C. 
Information on farm machinery insurance rates~and other 
insurance data. Private communication. 1957. 
**Ralph Loomis, FERD, ARS, USDA, Washington, D- G. In­
formation on machinery values and depreciation. Private 
communication. 1957. 
***M. H. Spears, FERD, ARS, USDA, Washington, D. 0. In­
formation on machinery tax and assessment rates. Private 
communication. 1957. 
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The annual grease and repair rates used in equations 
(A.11) and (A.12) were averages of estimates given in state 
agricultural experiment station publications (27, 33, 38, 44, 
46, 75, 97, 100) and survey data. 
To simplify the estimation of fuel cost for engines used 
on farm machinery, it was assumed that only gasoline was used. 
It was estimated that tractors consumed 0.7 of a gallon per 
horsepower-hour, on the average. This fuel consumption co­
efficient was used after calculating rates based on several 
s o u r c e s  ( 1 5 ,  1 7 ,  4 6 ,  1 0 1 )  a n d  a l l  e s t i m a t e s  w e r e  v e r y  n e a r  0 . 7 .  
Oil consumption per engine hour in 1947 was calculated 
from data of Brodell and others (15). This rate was divided 
by the average draw-bar horsepower of tractors to obtain oil 
consumption rate per horsepower-hour. It was assumed that 
the increase in oil consumption efficiency has been as great 
as in gasoline consumption. The estimated oil consumption 
rate used was 0.001748 gallons per horsepower-hour. 
The per hour cost for animal power, by regions, wss ob­
tained from unpublished data of the USDA.* 
2. Seed 
Per acre seeding rates were estimated by the following 
^Herbert Fowler, FERD, ARS, USDA, Washington, D. C. In­




(1 = 1, 2, • • 104) 
(j = 1, 2, 39) 
(  g  =  1 ,  2 ,  • • • >  5 )  
(A.20) 
where 
Si = estimated seeding rste of the g-th grain in the 
— O 
i-th region, bushels; 
3. = estimated seeding rate of the g-th grain in the 
J 5 
j-tn state in which the i-th region is located 
(110, 1954); 
Y, = 1945-54 average yield of the g-th grain in the j-th 
J 5 
state in which the i-th region is located (121, 
y. = estimated 1945-c4 average yield of the g-th grain 
-Lçj 
in the i-th region. 
The assumption of the above method is: within each state 
the seeding rate varies positively with fertility and avail­
able moisture, and both are positively correlated with yield. 
Hence, yield ratios can be used to weight state seeding rates. 
The estimated seeding rate for each grain in each region 
is shown in Table 27. The seeding rates listed' in this table 
are for a composite acre while those discussed above are for 
planted acres, see Section III D. 
122); 
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Table 27. Estimated seeding rstes for wheat and feed grains, 
by regions, 1954* 
Grain 
Region Wheat Corn Oats Barley sorghums 
(bushels per acre) 
1 2.0 0.25 2.4 2.1 — —  
2 2.0 0.16 2.3 2-1 
5 1.8 0-14 2.0 1.7 
4 1.9 0.15 1.9 1.7 — — 
5 1.7 0.14 2.3 1.9 
6 1.6 0.20 2.8 1.7 
7 1.6 0 .1-.) 3.0 2.1 — — 
8 1.5 0.14 3.0 2.2 —  —  
9 .1.5 0.13 3.1 1.9 
10 1.5 0.12 2.7 1.9 — — 
11 1.4 0.11 2.3 1.5 
12 1.4 0.10 2.7 2.0 —  — 
13 1.4 o.ll 2.6 2.0 —— 
14 1.4 0.11 2.6 1.8 -w — 
15 0.10 2.3 — — 
15 1.6 0.14 2.1 0.18 
17 1. Ù 0.10 2.2 — 0.14 
13 1.5 0.14 2.8 — — 0.16 
19 1.3 0.13 2.4 0.15 
20 1.3 0.13 2.0 1.6 — 
21 1.4 0.14 2.3 1.6 
22 1.5 0-14 1.8 1.5 
23 1.4 0.11 1.9 1.4 —— 
24 1.4 0.12 1.9 1.7 —— 
25 1.5 0.13 1.7 1.5 
26 1.9 0.13 2.2 1.9 • 
27 2.2 0.13 2.4 2.1 
28 2.0 0.14 2.3 1.9 
29' 1.4 0.10 1.8 1.7 —— 
30 1.3 0.11 1.7 1.7 
aThese rates are based on a composite acre, see 
Section III D. 
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Table 27. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
31 1.8 0.13 2.3 1.8 — — 
32 1.9 0.13 2.4 1.8 — — 
33 1.8 0.15 2.2 1.7 — — 
34 1.8 0.15 2.2 1.9 — — 
35 1.4 0.13 2.1 1.7 — 
36 1.9 0.17 2.9 2.0 
37 1.6 0.16 3. 0 2.0 —• — 
38 1.7 0.14 2.3 1.9 *—— 
39 1.2 0.09 1.8 1.7 — — 
40 - 1.2 0.09 1.9 1.9 
41 1.4 0.13 2.1 2.0 0.18 
42 1.3 0.10 2.2 1.8 0.17 
43 1.6 0.13 1.8 2.0 0.24 
44 1.6 0.13 2.4 2.1 — — 
45 1.7 0.14 2.9 2.7 
46 1.9 0.15 3.0 2.4 
47 1.7 0.15 2.6 2.1 — —  
48 1.4 0.12 2.5 2.0 — — 
49 1.6 0.13 2.5 2.2 — — 
50 0.94 0.12 2.3 1.8 
51 0.76 0.14 1.9 1.4 
52 0.68 0.13 1.8 1.3 
53 0.75 0.13 2.0 1.4 — — 
54 0.80 0.16 2.0 1.4 — — 
55 0.85 0.08 1.8 1.6 — —  
56 0.90 0.09 2.0 1.5 
57 0.87 0.12 2.4 1.8 —i 
58 0.89 0.09 1.9 1.5 — — 
59 0.98 0.15 2.3 1.7 — — 
60 1.01 0.14 2.4 1.8 0.14 
61 0.75 0.09 2.4 1.8 0.14 
62 0.56 0.12 2.1 1.7 0.17 
63 0.66 0.12 2.3 1.6 0.14 
64 0.65 0.09 1.9 1.4 0.14 
65 1.00 0.13 1.9 1.4 0.20 
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Table 27. (Continued) 
Grain 
Region wheat Corn Oats Barley sorghums 
55 0.96 0.14 2.3 1.4 0.12 
67 0.95 0.12 2.2 1.3 0.31 
68 0.97 0.10 2-3 1.8 0.12 
69 0.96 0.11 2.3 1.5 0.24 
70 0.56 0.10 1.6 1.2 0.13 
71 0.75 0.10 2.1 1.4 0.14 
72 0.76 0.10 2.1 1.8 0.14 
73 0.53 0.09 1.9 1.4 0.13 
74 0.48 0.07 1.8 1.2 0.14 
75 1.00 0.13 2.2 2.1 0.12 
76 1.04 0.12 2.2 1.9 0.15 
77 0.65 0.08 1.6 1.5 0.13 
78 0.89 0.14 2.2 1.7 0.12 
79 0.92 0.13 2.2 1.8 0.14 
80 0.57 0.19 1.8 1.0 0.19 
81 0.60 0.10 1.8 0.9 0.07 
82 0.40 0.09 1.61 0.95 0.10 
83 0.65 0.10 1.6 0.9 0.07 
84 0.36 0.08 1.5 0.7 0.10 
85 0.40 0.13 0.13 
86 0.33 0.10 1.6 0.7 0.11 
87 0.30 0.12 — —  — —  0.10 
88 0.30 0.12 —' — •«—— 0.16 
89 0.50 0.15 1.5 1.6 mm 
90 0.56 0.16 2.5 2.0 
91 0.43 0.13 1.3 0.9 __ 
92 0.66 0.25 2.0 1.2 
93 0.48 0.17 1.7 1.3 — 
94 0. 4o 0.U7 1.6 1.2 0.25 
95 0.41 0.17 1.7 1.3 0.32 
96 0.23 0.07 1.3 0.7 0.1B 
97 0 .29 0.10 2.3 1.0 0.16 
98 0.70 0.14 2.3 1.7 «— — 
99 0.77 0.17 2.7 2.2 
100 0.81 0.22 2.5 1.9 
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Table 27. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
101 0.62 0.16 2.8 2.1 
102 0.59 0.22 3.2 1.9 
103 0.92 0.14 1.43 1.15 0.09 
104 0.76 0.09 1.42 1.42 0.10 
F. Chemicals 
As noted in Section III D, in certain regions, the quan­
tities of fertilizer applied to wheat and feed grains in 1954 
are not tabulated in the Census. The method used to estimate 
fertilizer costs in these instances follows : 
' Fertilizer cost ^ 
per planted acre, 
g-th grain, i-th 
region 














I /  
/Percent of \ 
I harvested * 
acres 
fertilized, 
, g-th grain, , 
\i-th region/ 
(Planted acres, g-th grain, i-th region) 
( g = 1, 2, « • •, 5 ) 
(i = 1, 2, ••., 104) 
The sources and methods used to obtain the data defined 
in the above formula are : 
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(a) Tons of fertilizer per fertilized acre - unpublished 
data* give acres fertilized and total tons fertilizer 
applied for specified fertilizer regions; with this 
information the fertilizer rate per fertilized acre 
was estimated for each grain per region by associat­
ing fertilizer regions and programming regions. 
(b) Fertilizer cost per ton - this cost was the average 
cost of fertilizer applied to crops other than hay 
( 105, Economic Area, Table 1). 
(c) Percent of harvested acres fertilized - this is the 
state percent (133, Table 1). 
(d) The remaining ratios, i.e., harvested acres to 
planted acres, are those presented in Table 21. 
The estimated fertilizer cost for each grain, by regions 
is shown in Table 28. 
The costs shown in Table 28 are based on a composite 
acre while the above discussion deals with cost per planted 
sere. These costs are equivalent for grains in regions where 
a cultivated summer fallow rotation is not used for grain 
production; otherwise they are not. See Section III D. Too, 
the estimated lime costs per acre presented in Table 22 are 
for a composite acre. The method used to compute these costs 
on a planted acre basis was outlined in Section III D 5. 
*Donald Ibach, FEED, ARS, USDA, Washington, D. C. In­
formation on fertilizer application rates. Private communi­
cation. 1957. 
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Table 28. Estimated per acre regional fertil izer costs for 
wheat and feed grains, 1954a  
Grain 
Region Wheat Corn Oats Barley sorghums 
(dollars per acre) 
1 8.11 9.12 7.30 7.73 — — 
2 7.57 8.29 6.09 4.62 — — 
3 8.64 10-07 7.39 9.38 
4 8.17 9.15 7.76 7.86 — — 
5 6.74 9.44 6.72 6.72 
6 7.12 14.20 7.42 6.96 
7 7.58 9.13 7.48 7.59 — — 
8 7.70 7.78 6.59 7.69 
9 9.18 11.91 9.07 9.39 
10 5.93 11.31 6.75 7.22 — 
11 8.10 8.83 5.31 6.29 
12 6.60 6.99 6.55 6.70 mm — 
13 6.88 8.29 5.99 6.39 mm* —» 
14 7.94 9.31 6.53 7.40 
15 — — 5.13 7.32 — — — 
16 1.60 10.03 7.29 3.47 
17 1.45 5.86 6.61 — —  3.31 
18 1.40 6.28 6.42 — 3.06 
19 4.98 6.42 4.95 — — 4.05 
20 3.42 4.08 2-36 2.13 — —  
21 5.20 3.66 3.52 2.15 
22 3.60 • 5.45 3.05 2.85 — — 
23 2.83 3.86 2.14 2.46 — 
24 3.43 6.32 2.58 2.98 —. —» 
25 6.42 6.26 4.78 6.24 
— 
26 7.29 7.80 6.43 6.67 
27 7.37 7.78 7.03 7.63 — —  
28 6.87 6.83 5.74 6.44 — — 
29 6.80 6.65 7.14 5.39 
30 5.63 5.46 4.63 3.76 
31 7.13 7.41 6.72 4.82 
32 6.24 6.30 5.87 4.17 — — 
33 6.13 5.27 5.01 4.58 — 
34 6.16 4.73 5.35 4.57 
35 2.85 4.38 3.41 3.24 
aThese costs are based on a composite acre, see 
Section III D. 
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Table 28- (Continued) 
Grain 
Region wheat Corn Oats Barley sorghums 
36 2.89 4.81 2.49 3.28 — —  
37 3.93 3.49 2.90 3.13 • H— 
38 5.45 3.72 3.40 5.17 
39 4.89 3.70 1.88 3.10 
40 3.54 3.70 1.93 3.29 
41 4.69 4.38 4.47 7.27 5.46 
42 5.81 4.29 3.05 5.36 4.13 
43 5.03 4.41 4.74 8.45 5.91 
44 1.83 2.74 1.72 1.71 — — 
45 2.25 2. 55 1.43 2.00 
46 1.81 3.73 1.46 1.27 
47 2.43 3.08 0.94 2.86 — — 
48 2.90 1.52 0.34 2.03 
49 1.32 2.37 0.29 1.24 —  —  
50 0.64 1.47 0.87 0.56 — 
51 0.15 0.26 0.07 0.29 
52 0.02 0.07 0.10 0.40 —  —  
53 0.03 0.10 0.06 0.26 — —  
54 0.09 0.52 0.09 0.37 — — 
55 0.02 0.06 0.12 0.07 — 
56 0.03 0.15 0.04 0.09 
57 0.17 0.40 0.13 0.09 am» — 
58 0.08 0.08 0.08 0.08 
53 0.30 0.61 0.05 0.17 — —• 
60 1.41 1.80 0.81 0.32 0.42 
61 0.09 0.14 0.91 0.34 0.37 
62 0.01 1.75 0.65 0.25 0.08 
63 0.42 1.97 0.84 0.34 0.43 
64 0.27 1.50 0.98 0.39 0.59 
65 1.30 2.43 0.89 0.34 0.42 
66 3.52 1.94 1.95 1.01 0.25 
67 4.21 1.80 2.24 1.13 0.28 
68 3.68 2.70 2.08 1.08 0.26 
69 2.76 1.22 1.81 0.94 0.23 
70 0.81 0.77 2.45 1.27 0.31 
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Table 28. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
71 1.39 0.79 2.12 1.09 0.27 
72 0.80 1.49 1.73 0.90 0.22 
73 0.09 0.25 1.62 0.84 0.17 
74 0.03 0.87 0.45 0.24 0.06 
75 0.47 1.85 0.77 0 .31 0.22 
76 0.41 1.55 0.52 0.21 0.20 
77 0.30 0.30 0.95 0.20 0.20 
78 0.42 1.17 0.58 0.23 0.18 
79 0.32 1.18 0.44 0.16 0.20 
80 0.02 2.67 0.01 0 .00 0.40 
81 0.01 0.10 0.01 0.00 0.44 
82 0.02 0.21 0.02 0.00 0.59 
83 0.01 0.28 0.01 0.00 0.40 
84 0.02 0.00 0.02 0.00 0.36 
85 0.00 0.32 — — 0.54 
86 0.01 0.44 0.02 0.00 0.34 
87 0.00 1.20 —  — - — —  0.64 
88 0.00 0.92 — — — — 0.50 
89 0.03 0.06 0.13 0.11 —  —  
90 0.14 0.04 0.14 0.11 
91 0.06 0.17 0.35 0.22 
92 0.07 0.21 0.44 0.31 — — 
93 0.01 2.17 0.93 0.79 
94 0.07 0.42 0,15 0.13 0-13 
95 0.11 1.51 0.22 0.18 0.24 
96 0.04 0.35 0.14 0.13 0.17 
97 0.01 0.52 0.28 0.62 0.16 
98 0.39 2.86 0.85 0.75 —  —  
99 0.29 4.46 0.93 1.05 —  —  
100 1.51 7.86 2.41 1.49 — 
101 0.62 22.91 0.99 1.44 
102 0.58 15.01 2.04 2.15 — —  
103 0.80 8.68 1.18 1.62 7.64 
104 1.52 8.98 1.85 2.43 4.78 
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Table 29 .  Estimated per acre regional lime costs, 1954s 
Dollars Dollars 
Region per acre Region per acre 
1 0.33 36 0.17 
2 0.60 37 0 .32 
3 0.95 38 0.38 
4 0.83 39 0.40 
5 0.56 40 0.37 
6 0-35 41 0.20 
7 0.23 42 0.18 
8 0.51 43 0.35 
9 0-18 44 0.18 
10 0.08 45 0.10 
11 0.18 46 0.16 
12 0.14 47 0.16 
13 0.20 48 0.00 
14 0.34 49 0.05 
15 — 50 0.00 
16 0.22 51 0.00 
17 0.16 52 0.00 
18 0.14 53 0.00 
19 0.14 54 0.00 
20 0.08 55 0.00 
21 0-10 56 0.00 
22 0.34 57 0.00 
23 0.51 58 0.00 
24 0.26 59 0.00 
25 0.44 60 0.06 
26 0.96 61 0.00 
27 1.03 62 0.00 
28 0.31 63 0.00 
29 0.48 64 0.01 
30 0.42 65 0.15 
31 0.35 66 0.12 
32 0.24 67 0-14 
33 0.22 68 0.15 
34 0.11 69 0.08 
35 0.31 70 0.02 
aThese costs are based on a composite acre, see 
Section III D. 
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Table 29. (Continued) 
Dollars Dollars 
Region per acre Region per acre 
71 0.03 91 0.00 
72 0.04 92 0.00 
73 0.00 93 0.00 
74 0.00 94 0.00 
75 0.06 95 0.00 
76 0.02 96 0.00 
77 0.00 97 0.00 
78 0.02 98 0.00 
79 0.00 99 0.00 
SO 0.00 100 0.00 
81 0.00 101 0.00 
82 0.00 102 0.00 
83 0.00 103 0.02 







It was not possible to estimete the cost of insecticides, 
fungicides and herbicides applied by farmers in 1954 by re­
gions (see Section III D 5). Basic assumptions necessary in 
order to make state per acre cost estimates are: 
1• The difference between (a) the cost of materials 
applied by farmers and (b) the cost of materials 
plus the application cost of chemicals applied by 
custom operators represents the application cost for 
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materials applied by farmers (19).  
2.  The percentage of the total acreage of wheat and feed 
grains treated did not change from 1952 to 1954 (19).  
3.  The application rates of chemicals for insect,  pest 
and weed control were the same in 1954 as in 1952 
(19).  
For weed control,  each per acre cost was derived directly 
from data compiled by Brodell  and others (19, Tables 11 and 
12) with the aid of the above assumptions. Since these data 
(19) are for 1952, the estimated cost per acre was adjusted 
to 1954. The cost of spraying and dusting materials was ad­
justed by the ratio of 1954 price index of farmer supplies 
to the same index for 1952 ( 105, 1954).  The cost of apply­
ing these materials was adjusted by the ratio of 1954 machin­
ery prices and wage rates to the 1952 values of the same items 
(114, 1955).  
Pest and insect control costs for corn (19) were esti­
mated by the method used for weed costs.  However, data were 
not available for wheat, oats,  barley and grain sorghums. 
But, data were available for these grains as a component of 
numerous other crops (19, Table 14).  
To facilitate the estimation of insect and pest control 
costs for the small grains, a further assumption was made in 
addition to the above three. 
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4. For all crops not specifically enumerated in (19), 
the treatment costs were the same. 
With this assumption, it was possible to estimate the 
per acre cost of insect and pest control for the small grains-
The method was: First, the total number of acres of 
all crops not specifically listed in (19) was obtained from 
Crops and Markets (114, 1955). Then, the total acreage was 
used to compute the proportion of these acres treated in 
1952. Finally, the proportion of these acres treated in 
this year was used to estimate the average per acre cost for 
all acres planted in small grains, 1952. These per acre 
costs, then, were adjusted to 1954 by the same adjustment 
factors used to adjust weed control costs. 
-he estimated costs for insect and weed control by re­
gions are presented in Table 30. The data in this table are 
for composite acres while the above discussion is for planted 
acres. See previous statement for fertilizer. 
G-. Miscellaneous 
The components of miscellaneous costs are: the cost of 
spreading manure, fertilizer and lime, and water for irriga­
tion. 
Significant quantities of manure were assumed to have 
been applied only in the following Farm Production areas: 
Northeast, Appalachian-, Corn Belt, Lake States and the corn 
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label 30- Estimated per acre expenditures for insect and 
weed control for wheat and feed grains, 1954a 
Grain 
Region Wheat Corn Oats Barley sorghums 
(dollars per acre) 
1 0.00 0.00 0.00 0.00 — —  
2 0.25 0.78 0.26 0.24 — —  
3 0.20 0.37 0-20 0.24 — —  
4 0.10 0.41 0.10 0.10 —  —  
5 0.25 0.31 0.25 0.25 
6 0.36 0.23 0.36 0.32 
7 0.44 0.19 0.44 0.44 — —  
8 0.44 0.19 0.44 0.44 —» — 
9 0.44 0.19 0.44 0.44 —  —  
10 0.28 0.02 0.28 0.28 
11 0.29 0.02 0 .55 0.28 
12 0.39 0.02 0.41 0.33 — —  
13 0.28 0.02 0.28 0.28 — —  
14 0.32 0.02 0.31 0.30 
15 0.02 0.79 — 
16 0.35 0.02 0.35 0.35 
17 0.35 0.02 0.35 — —  0.35 
' 18 0.35 0.02 0.35 — —  0.35 
19 0.58 0.04 0.58 — —  0.58 
20 • 0.17 0.09 0.17 0.17 
21 0.17 0.15 • 0.25 0.17 
22 0.29 0.19 0.27 0 « ûQ 
23 0.32 0.21 0.32 0.32 
24 0.32 0.21 0.32 0.32 — —  
25 0.06 0.61 0.06 0.06 
26 0.06 0.61 0.06 0.06 
27 0.06 0.61 0.06 0.06 
28 0.06 0.61 0.06 0.06 —  —  
29 0.05 0.31 0.05 0.05 —  —  
30 0.08 0.26 0.08 0.13 —  —  
aThese costs are based on a composite acre, see Section 
III D. 
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Table 30. (Continued) 
Grain 
Region wheat Corn Oats Barley sorghums 
31 0.05 0.31 0.05 0.05 
32 0.05 0.31 0 .05 0.05 — 
33 0.11 0.16 0.11 O.ll  —• — 
34 o.ll  0.16 o.l l  0.11 — — 
35 0.29 0.09 0.29 0.29 — —  
36 0.29 0.09 0,29 0.29 
37 0.10 0.22 0.12 0.13 — — 
38 0.10 0.22 0.10 0.10 — —— 
39 0.10 0.22 0.10 0.10 —— 
40 0.10 0.22 0.10 0.10 
41 0.06 0.27 0.06 0.06 0.06 
42 0.06 0.27 0.06 0.06 0.06 
43 0.06 0.26 0.07 0.07 0.06 
44 0.11 • 0 .26 0.11 o.l l  — —• 
45 0.20 0.23 0.17 0.29 
46 0.29 0.21 0.20 0.26 
47 0.33 0.11 0.32 0.33 —. —, 
48 0.34 0.12 0.34 0.34 
49 0.34 0.12 0.34 0.34 —« _ 
50 0.16 0.10 0.30 0.27 — 
51 0.13 0.07 0.19 0.19 
52 0.12 0.07 0.19 0.19 — — 
53 0.14 0.07 0.19 0.19 — —  
54 0.15 0.07 0.19 0.19 —• 
55 0.22 0.22 0.29 0.29 — —  
56 0.26 0.22 0.29 0.29 
57 0.23 0.22 0.29 0.29 — — 
58 0.24 0.22 0.29 0.29 
59 0.24 0.22 0.29 0.29 —— 
60 0.05 0.23 0.05 0.05 0.05 
61 0.03 0.23 0.05 0.05 0.05 
62 0.05 0.34 0.10 0.05 0.16 
63 0.03 0.23 0.05 0.05 0.05 
64 0.03 0.23 0.05 0.05 0.05 
65 0.05 0. 23 0.05 0.05 0.05 
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Table 30. (Continued) 
Grain 
Region wheat Corn Oats Barley sorghums 
66 0.03 0.34 0.03 0.03 0.03 
67 0.03 0 .04 0.03 0.03 0.03 
68 0.03 0.% 0.0 3 0.03 0.03 
69 0.03 0.-54 0.03 0.03 0.03 
70 0.02 0.34 0.03 0.03 0.03 
71 0.03 0.34 0.03 0.03 0.03 
72 0.03 0.34 0.03 0.03 0.03 
73 0.02 0.34 0.03 0.03 0.03 
74 0.02 0.34 0.03 0.03 0.03 
75 0.22 0.29 0.24 0.24 0.24 
76 0.23 0.29 0.24 0.24 0.24 
77 0.19 0.29 0.24 0.24 0.24 
78 0.21 0.29 0.24 0.24 0.24 
79 0.22 0.29 0.24 0.24 0.24 
80 0.07 0.06 0.10 0.10 0.10 
81 0.09 0.06 0.10 0.10 0.10 
82 0.06 0.06 0.09 0.09 0.09 
83 0.09 0.06 0.10 0-10 0-10 
84 0.07 0.07 0-10 0.10 0-10 
85 0.05 0.06 — 0.10 
86 0.05 0.06 0.10 0.10 0.10 
87 0.05 0.06 — — — 0.09 
88 0.05 0.06 — — — 0.09 
89 0.34 0 -45 0.60 0.60 — — 
90 0.31 0.45 0.60 0.60 
91 0.37 0.45 0.60 0.60 
92 0.33 0.45 0.60 0.60 — — 
93 0.20 0.46 0.37 0.37 — — 
94 0.12 0.51 0.22 0.22 0.22 
95 0.13 0.51 0.22 0.22 0.22 
96 0.07 0.51 0.22 0.22 0.22 
97 0.02 0.46 0.05 0 .05 0.05 
98 0.31 0.46 0.53 0 .53 — — 
99 0.23 0.47 0.45 0.45 — —— 
100 0.56 0.82 0.78 0.93 — — 
Table 30. (Continued) 
Region ..heat Corn 
Grain 
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producing areas of the Northern Plains. The estimated cost 
of spreading manure was based on the number and kinds of live­
stock on farms in the programming regions (105, Economic 
Area, Table 5 and County Table 7). First, the tons of manure 
spread in each region,were estimated on the basis of the 
above livestock numbers and estimates of manure recovered 
from each livestock unit (88, Table 21). Then the estimated 
tons of manure available for distribution in each region were 
allocated to each acre of cropland harvested in 1954 (105, 
Table 1) on an unweighted basis. 
The cost of distributing the estimated tons of manure 
per acre was derived first by estimating the physical labor 
and machinery inputs required for distribution (136). Then, 
these physical inputs were weighted by wage rates and per 
unit machinery costs to obtain a per acre manure spreading 
cost. 
Since the per acre cost of spreading the manure was com­
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puted initially for harvested acreages, they were converted 
to cost per planted acre for each grain by the ratios given 
in Table 21. 
For the distribution cost of fertilizer not already 
accounted for in the regular estimates of machinery end labor 
costs (see Section III D 5), the following method was used 
to estimate this cost: Data on the method of application for 
fertilizer used on farms are available by states (985, Table 
1). It was assumed that the distribution cost of fertilizer 
applied by custom operators had been included in the price of 
fertilizer as reported by farmers (105, Economic Area Table 
2 and County Table 5). Also, it was assumed that : (a) The 
percentages of fertilizer distributed by means other than 
attachments on planters, drills and cultivators did not dif­
fer among the five grain crops, and also that these percent­
ages were the same within each state, (b) Differences in 
distribution costs within a state were due to differences in 
wages and machinery prices only. 
Within the framework of the above assumptions, the cost 
of spreading fertilizer not applied by integral equipment 
(drills, corn planters and cultivators) in each region was 
estimated by the product of: (a) the proportion of acres not 
fertilized by integral equipment (98b), (b) the tons of fer­
tilizer applied (see above discussion on fertilizer), and (c) 
the per ton cost of spreading fertilizer. The source of data 
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and the method used to estimate the cost of spreading fer­
tilizer per ton are the same as those for manure. 
A per acre lime spreading cost 'was estimated only for 
lime not applied by custom operators (98b, Table 6). The 
cost of lime spreading by custom operators was assumed to 
have been included in lime expenditures reported by farmers 
(105, Economic Area Table 2 and County Table 6). As for 
fertilizer, first a lime spreading cost was estimated per 
ton; then, this cost was multiplied by the product of (a) 
the tons applied per acre of total cropland and (b) the pro­
portion of lime applied by farmers (98b, Table 6) to obtain 
the cost per acre. 
The cost of water for irrigation was obtained from USDA 
data published (136) and unpublished^ and Hughes (45). 
The estimated miscellaneous costs are given in Table 51. 
The costs in this table are for composite acres. The above 
discussion applies to cost per planted acre, see previous 
discussion for fertilizer. 
«•Herbert Fowler, FERD, ARS, USDA, Washington, D. C. In­
formation on irrigation water cost. Private communication. 
195?. 
Table 31. Estimated, per acre miscellaneous costs for wheat 
and feed grains, by regions, 1954a 
Grain 
Region Wheat Corn Oats Barley sorghums 
(dollars per acre) 
1 0.92 0.92 0.91 0.90 — —  
2 1.15 1.15 1.12 1.13 — —  
3 0.71 0.74 0.68 0.71 — —  
4 0.78 0.80 0.77 0.78 — —  
5 1.02 1.04 1.02 1.02 — 
6 0.60 0.74 0.60 0.60 
7 1.61 1.62 1.61 1.61 
8 1.69 1 • 66 1.68 1.69 
S 0.62 0.69 0.62 0.62 — —  
10 0.02 0.03 0.02 0.02 
11 0.03 0.03 0.02 0.02 
12 0.02 0.02 0.02 0.02 —  —  
13 0.03 0.04 0.03 0.03 — —  
14 0.03 0.04 0.03 0.03 —  —  
15 — — 0.04 0.06 — 
16 0.01 0 .05 0.04 0.02 
17 0.01 0.03 0.03 —  —  0.02 
18 0.01 0.03 0.03 0.02 
19 0.03 0.03 0.03 0.02 
20 1.73 1.75 1.68 1.70 
21 0.38 0.38 0.36 0.36 
22 1.51 1.56 1.50 1.50 
23 1.48 1.48 1.45 1.47 
24 2.41 2.43 2.38 2.40 — — —  
25 0.77 0.79 7.64 0.76 
26 1.09 1.10 1.08 1.07 
27 0.88 0.89 0.88 0.88 —  —  
28 0.50 0.51 0.50 0. 50 — —  
29 0.73 0.53 0.73 0.72 — —  
30 0.32 0.31 0.32 0.31 — —  
aThese costs are based on a composite acre, see Section 
III D. 
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Table 31. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
31 0.49 0.50 0.49 0.48 — —  
32 0.61 0.61 0.61 0.60 —  —  
33 0.46 0.45 0.45  0.44 — —  
34 0.49 0.48 0.49 0.48 —  —  
35 0.91 0.92 0.93 0.92 —  —  
36 0.93 0.94 0.94 0.94 
37 0.75 0.75 0.75 0.75  — 
38 0  • 2b 0.27 0.27 0.27 mm — 
39 0.30 0.30 0.29 0.29 —— — 
40 0  • 38  0.38 0.38 0.37 
41 0.66 0.65 0.67 0.67 0.65 
42 0.76 0.74 0.76 0.76 0.74 
43 0.45 0.46 0.45  0.47 0.45 
44 0.47 0.54 0.  53 0.53 —  —  
45 0.40 0.48 0.43 0.43 
46 0.46 0.49 0.48 0.48 
47 0 .71  0.73 0.72 0.74 — — —  
48 0.21 0.20 0.19  0.20 —  
49 0.52 0.54  0 .53  0.62 
50 0  .08  0.12 0.12 0.12 
51 o.oo 0.00 0.00 0.00 
52 0.00 0.00 0.00 0.00 — —  
53 0.00 0.00 0.00 0.00 —  —  
54 0.00 0.00 0.00 0.00 — 
55 0.00 o.oo o.oo  0.00 
56 0.00 0.00 0.00 0.00 
57 0.14 0.18 0.18  0.18 — —  
58 0.14 0.17  0 .18  0.18 —  —  
59 0-17  0.22 0.22 0.22 — 
60 0.22 0.27 0.25 0.22 0.26 
61 0.00 0.14  0.09 0.12 0.37  
62 0.01  1 .01  0.47 0.87 0,18 
63 o .o i  0 .38  0 .04  0.06 0.35  
64 0.12 0.39  0 .32  0.28 0.27  
65 0.18  0.22 0.22 0.20 0.21 
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Table 31. (Continued) 
Grain 
Region Wheat Corn Oats Barley sorghums 
66 0.30 0.31 0.30 : 0.26 0.31 
67 0.29 0.31 0.30 " 0.26 0.50 
68 0.27 0.28 0.27 0.24 0.28 
69 0.00 0.00 0.00 0.00 0.00 
70 0.16 0.21 0.20 0.17 0.21 
71 0.00 0.00 o.oo 0.00 0.00 
72 0.00 0.00 0.00 o.oo 0.00 
73 0.00 o.oo 0.00 o.oo 0.00 
74 0.01 1.22 0.04 0.05 0.20 
75 0.00 0.00 0.00 0.00 0.00 
76 o.oo 0.00 0 .00 o.oo 0.00 
77 0.00 0.00 o.oo 0.00 0.00 
78 0.00 o.oo o.oo 0.00 o.oo 
79 0.00 o.oo 0.00 0.00 o.oo 
80 0 .66 4.26 0.00 o.oo 5.45 
81 0.00 0.00 0.00 0.00 o.oo 
82 0.97 3.92 o.oo 0.00 1.44 
83 0.00 0.00 0.00 0.00 0.00 
84 0.00 0.00 0.00 0.00 0.00 
85 o.oo 0.00 — —  0.00 
86 0.00 0.00 0.00 o.oo 0.00 
87 0.00 0.00 — — ™ o.oo 
88 0.00 o.co — — — — 0.00 
89 0.01 0.02 0.20 0.17 — 
90 0,04 0.00 0.75 0.26 — 
91 0 .05 0.06 0.49 0.38 
92 0.11 0.30 1.42 0.94 — — 
93 0.00 0.21 0 .07 0.32 — — 
94 0.00 0.08 0.09 0.10 0.02 
95 0.03 1.24 0.57 0.86 0.84 
96 0.00 0.22 0.30 0.13 0.07 
97 0.02 0.37 0.99 0.96 1.03 
98 0.17 0.08 1.41 0.69 
99 0.19 2.25 2.25 2.25 
100 0.02 2.50 0.14 0.18 
101 0.00 2.50 0.33 0.62 — —» 
102 0.18 5.10 4.38 3 • 54 — — 
103 0.11- 3.58 o.oo 0.20 3.37 
104 0.28 1.18 0.00 1.08 1.18 
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XI. APPENDIX C. ESTIMATION OF DEMAND RESTRAINTS 
The following equations were derived by the method of 
least-squares in order to estimate 1954 normal demand re­
straints. They are of the form .Y = X + bx. 
Wheat for food 
Yv = 204.057 - 3.607% (A.21) 
Yc = 1.745 - 0.026x (A.22) 
Yq = 0.276 - 0.006% (A.23) 
Yr = 0.628 - O.OOlx (A.24) 
YQ5 = 0.076 + O.OOlx (A.25) 
where 
W = wheat; 
C = corn; 
0 = oats; 
B = barley: 
GS = grain sorghums; 
A 
Y = estimated annual disappearance per capita in bushels 
or pounds ; and 
x = (X - X) deviation from median year in time series 
1940-54 (X = 1947). 
Feed grains 




Yp = estimated bushels of feed grains (corn-equivalent 
bushels) fed per grain-consuming-livestock-unit;» 
•v 4 o n o ^ c* ZT C-
w a. w uxiv w vx.uu otvv V V • 
The sources of data for the above equations are: YY 
(equation A.21), the per capita consumption of wheat (pounds), 
United States 1 9 4 0 - 5 4  ( 1 1 7 ,  Table 8 8 ) ;  Y q  (equation A . 2 2 ) ,  
the per capita corn disappearance other than feed (bushels), 
United States, 1940-54 (118, Table 12; 104); Yq (equation 
A.22), the per capita oats disappearance other than feed 
(bushels), United States, 1 9 4 0 - 5 4  ( 1 1 8 ,  Table 1 3 :  1 0 4 ) ;  Y B  
(equation A.22), the per capital barley disappearance other 
than feed (bushels), United States, 1940-54 (118, Table 14; 
104); Yq5 (equation A.24), the per capita grain sorghum dis­
appearance other than feed (bushels), United States, 1954 
(118, Table 15; 104) ; and YP (equation A.25), feed grain 
(corn-equivalent-bushels) fed per grain-consuming-livestock-
unit, United States, 1940-54 (53, Table 1; 118, Tables 12, 13, 
14, 15) . 
The estimated 19 54 normal domestic demand for food wheat 
was obtained, first, by multiplying the 1954 per capita con­
sumption (equation A.21) by the January 1, 1955 population in 
the United States (104), then, converting this value into 
bushels. 
The estimated 1954 normal domestic.demand for feed grain 
was obtained by the following equation: 
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4 
Dp = P I Yj_ + Yf L (A.27) 
vmere 
Dp = estimated IS54 normal domestic demand for feed 
grain; 
? = January 1, 19 55 population in the United States 
(104); 
A. 
Yj_ = estimated 1954 disappearance per capita (in bushels) 
of the i-th grain, by equations (A.21) through 
( A . 2 5 ) ;  
= corn-equivalent bushel conversion factor, i-th 
grain ; 
^P = estimated normal corn-equivalent bushels of feed 
grain consumed per grain-consuming-livestock-unit, 
1954, by equation (A.26); and 
L = number of grain-consuming-livestock-units fed, 1954 
(53). 
Total demand for food wheat was obtained by adding the 
net quantity of wheat exported in 1954 (118) to the estimated 
normal domestic demand. Likewise, the estimated demand for 
feed grain is the estimated domestic demand plus the net ex­
ports (118). These quantities are 757 and 3,887 million 
bushels for wheat and feed grain, respectively. 
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XII. APPENDIX D. THE SURVEY QUESTIONNAIRE 
A duplicate of the questionnaire sent to the state agri­
cultural experiment stations follows: 
Recommendations and Instructions for Filling Out 
Crop Production Operations Form 
1. Please fill out forms for typical (modal, most frequent) 
technique in use currently. 
2. If production practices for two crops - for example, oats 
and barley - are the same, one form will suffice for both. 
5. Please indicate the area of your state for which the 
practices apply if they differ significantly. May we sug­
gest that you use state economic areas as defined in the 
U. S. Census of Agriculture; or generalized types of 
farming areas per B.A.E. map, 194S. 
4. If you lack sufficient data to fill out the forms below, 
as an alternative, would you list on the back of the 
forms, by area and crop, the following production costs 
per acre, if applicable: 
(1) labor (7) manure 
(2) seed (8) fertilizer 
(3) fuel (S) lime 
(4) lubricants (10) insecticides 
(5) machinery depreciation (n) fungicides 
and repair 
(6) taxes and interest on 
machinery investments 
Area 
Wheat, Corn, Barley, Oats, or Grain Sorghum Production Operations 
and Costs Per Acre Per Year* 
(Please underline appropriate crop(s)) 
Lk) L2) (A) (4) 















life in Cost 
hours or new 
rares 19 54 Cost 




























**Cut by hand 
-ins-Shock 
tt^Husk from standing stalk 
•^Husk from shock 
Haul 








* If a particular operation is normally performed by custom hire, please state in 
column (l) and fill in charge in column (4). 
•^Circle if this labor figure is included in total under power. 
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